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PREFACE 


This  Rate  Training  Maiiuai  and  Nonresident  Career  Course  (RTM/NROC)  > 
form  a  self-study  package  tliat  will  enable  Enginemen  to  acquiri  the  * 
theoretical  knowledge  and  operational  -skills  required  to  'advance  to  . 
Engineman  Third  Class  and  Engineman  Second  Class.  Combined  with  the  * 
necessary  practical  experience , and  a  review      other  applicable"  tfarning  ,  ■ . 
manuals,  a  krtowledge  of  the  information  in  thii  self-study  package  will  help 
the  student  meet  advancement  requirements.  ^  ■ 

Designed  for  individual  study  arid  to  support  on-the-job  training,  the 
RTM,  provides  subject  matter  that  relates  directly  to  the  occupational 
qualifications  of  the  Engineman  rating.  The  NkCC  provides  the  usaal  way  of 
satisfying  the  requirements  for  completing  the  RTM.  The  kt  of  assignments  ' 
in  the^NRCC  includes  learning  ol>jectives  and  ^^pporting  items  designed  to'  * 
lead  students  through  the  RTM.  ,      '  '  ' 


This  self-study  package,  was  prepared  l)y  ENCM  C.  B.  Thayer  and  ENG 
C.  L*  Farris,.  Naval  Education  and'  Training  Program  Development  Center, 
Pensacola,  Florida,  for  the  Chief  of  Kaval  Education  and  Training.*  Technical 
assistance  was  provided  .by  the  Naval  Schools  Command,  Great 'Lakes; 
Operational  Test  and,  ^valuation  Forcei  Norfolk,  Virginia  and  Naval"  Sea 
Systems  Command.  ^  ^  '  • 
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TkE  UNITED  St ATES  NAVY 


GUARDIAN  OF  OUR  COUNTRY  ~ 

The  United  States  Navy  is  responsible  for  maintaining  control  of  the 
sea  and  is  a  ready  force  on  watch  at  homo  and  overseas,  capable  of 
strong  action  tq  preserve  the  peace  or  of  instant  of (ensive  action,  to 


^  wui  in  war. 


It  is  upon  the  maintenance  of  this  control  that  our, country *^  glorious 
future  depends;  the  Uiiited  States  Navy  exists  to  make  it  so. 


WE  SERVE  WITH ilQHOR 

Tradition,.v3lor,  and  vjctory  are  th>;'Navy's  heritage  from-  the  past.  To 
tliese  may  be  added  dedicj^tioh,  discipline^  and  ' vigilance  *as  t^ 
watchwordsof  the  present  and  the  future.         •  ^ 

At  home  or  on  distant  stations  we  serve  with  prid%confident  in  the 
respect  of  our  country  ,  our  shipmates,  and  our  families. 

Our  rcsponsibiiiUes  sobe^  Us-rOur  adversities  strengthen  us. 

Service  to  God  and  Country  is  oiir  special  privilege » We^^erve  with 
"honor.  ■         .  \    »  . 

THE  FUTURE  OF  THE  NAVY 

The  Navy' will  always  employ  new  weatwns,  new  techniques/ and 
greater  power  to  protect  and  defen*  .the  United  States  on  the  sea, 
under  the  sea,  and  in  the  air  •  '  /  ■  ■  ' 

•  Now  and  in  the  future,  control  of  the  sea  gives  the  United  States  her 
greatest  advantage  for  thfr  riiaint«nance  qf  peace  and  for  victory  in 
war.'       ■   ■    ,-    ■  -     t   '  ■      •  .  -  ■   ■  -  "        '  ' 

.^Mobility,  surprise,  dispersal,  and  pff6nsive  power  are  the  keynptes  of 
the  new  Navy.  The  roots  of  the  Navj;  He  in  a  strong  belief  in  the 
future,  in  continued  dedication  to  our  lasks,  and  in  reflection  oh  our 
heritage  from  the  past.  ••        ,  •  « 

Never  have  oUr;opportunitias  and  our^responsibUities  been  greater. 
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ADVANCBABMT^ 


Thjs  training  manual  is  designed  to  hejp  you 
to.  increase  y(xjr  knowledge  in  the  various 
aspects  of  the  En^eman  rating  and  to  help  you 
advance  in  rating  to  EN3  and  EN2.  Your 
contribution  to.  the  Navy  depends  on  yqur 
willingness  and  .ability  to  accept  increasing 
responsibilities  as  you  advance  in  rate.  When  you. 
assume  the  duties  of  an  Enspuieman,  you  begin 
to, accept  certain  responsibilities  for  the*|ork  of 
otheis.  As  you  advance  in  ycmr  caree^,  you 
accept  responsibilities  in  military  matters  as  weU 
ak.  in  the  occupational  requirements  of  the 
En^iemai\  rating. 

ENGENEMAN  RATING 

5  The  Engineman  rating  is  a  general  "rating; 
that  is,  it  covers  a  broad  occupational  field  of 
related  duties  4nd  functions. 

^  Enginemcn  are  asiogned  to  all  types  of  ships. 
On,  diesel  engine  propelled  ships,  most 
Eaginemch  are  assigned  to  "M"  Division  where 
they  o^rate  and  maintaiii  ship  propulsion 
machinery  and  associated  equipment  such  as: 
pumps,  distilling  plants,  compressors,  valves,  oil 
purifiers,  heat  exchangers,  governors,  reduction 
g^ars,  shafts,  and  shaft  bearings. 

Engincmea  on  ^ps  propelled  by  steam 
machinery  are  usually  assigned  io  '*A"  Division, 
where  they  maintain  and  repdr  machinery  such 
as:  steering  enginej^  anchor  windlasses,  cranes, 
winches,  elevators,  laundry  equipment,  galley 
equipment',  and  air  co adit ionihg  and 
refrigcraftion  equipment     \ - 

The  nature  of  an  Engincman*s  duties 
depends  largely  on  the  type  ^  ^p  or  station-to 
which  assigned.  Repair  ships  and  tenders  ftimish 
other  ships  with  spare  par^\  repairs,  and  other 


.  services  that  are'  beyond  the  facilities  of  the 
ship's'  .crew:*  The  .  duti^  of  an  Engineman 
assigned  to  a  repair  ship  or  teii|||r  may  consist 
mainly  of-refiairs  and;  other  sfervices 'to  ships 
assigned  tojpie  tender  o^^repair^p^. 

This  jnanual  *is  organized  to*  give  you  a 
systematic  understanding  of  your  job.  The 
occupational  standards  used  in  preparing  the 
text  are  contained  in  Hit.  Manual  of  Navy 
Enlisted  Manpower  and  Personnel  Classifications 
and    Occupational   SM^dards,  NAWERS 
18068-D.  We  recommenm  that  you  study  the  . 
Engineman  section  of  N^ERS  1.806fi-D  to 
gain  an  understanding  of  the  skills  required  of  an 
Enginem'an.  Then,  'study  the  subject  matter 
carefully.  The  knowledge  you  gain  will  enable  . 
you 'to  become  a  more  proficient  operator  and  • 
mechanic,  and  the  NaVy -will  profit  from  your  • 
skills- 

As  you  advance  tb  EN3  and,  then  to  EN2, 
your  responsibilities,  for  military  leadership  will 
be  the  same  as  those* of  petty  officers  in  other 
ratings  since  every  petty  officer  has  military  as 
well  as  technical  duties.  Your  responsibilities  for  V 
technical  leadership  will  be  special  to  your  rating 
and  directly  related  to  your  work  as  an 
Engineman.  Operating  and  maintaining  a  ship's 
engineering  plant  and  associated  equipftient. 
requires  teamwork  along  with  a  special  kind  of  . 
Je«dersbip_  that  caij  be -  developed  only  by 
persormel  who  have  a  high  degree  of  techrucal 
competence  and  a  deep  sense  oj[  pec^nal 
responsibility.  Strive  to  improve  your  leadelrehip 
and  technical  knowlet^  through  study, 
.  observation,  and  practical  application. 

Leadership  in  a  technical  field  involves  more 
^  than  just  giving  orders.  In  fact,  you  can 
'  deraonstrite  sc^ne  of  the  mc»t  important  aspects . 
of 'technical  leadership  even  if  ygu  a^e  lipt 


i«quire.cl  to  tell  anyone  ebe  what"  to  do.  As  an 
EN3  Aid  EUl  you  demonstrate  teefinical 
leadership  when  you  follow  orders  exactly, 
when  you  observe  safety  precautions,  when  you 
accept  responsibility,  when  you  cofitinue  to 
.increase  "5f our  knowledge,"  and  when  yoti  perform 
^every  derail   of  your  work  witi  complete 

*  integrity  and  reliability.  .  ' 

'Integrity  -of  work  is  really  a  key  factor  in 
■technical  lea.ciership.'and  ail  other  factore  relate 
to  jL  in  son^e  way.  'Integrity  of  work  .is 
demonstrated  ^n.  big  ways  and  little,  ways-the 
way  you  stand  a  messenger  watch,  the  way  you 
maintain  "  your  tools*  and  equipment,  the' way 
you  deal  with  machinery  failures  and  casualties, 
aiid.the  way  you  Wipe  up  deckplates.  When  you 
perform  every  job  just  as  well  ^  you  can,  and" 
Vhen,.yoU  constantly  work  to  increase  your 
knowledge,  you  demonstrate  integrity  of  work 

_in  >  concrete,  practical,  everyday  sort  of  way. 
When  your  work  has  integrity,  you  are' 
demonstrating  technical  leadership. 


NAVY  ENUSTED    •  . 
CLASSIFICATIO?i  CODES  ^  . 

The  Engineman  rating  is  a  source  of  a 
number  of  Navy  Enlisted  Classification  Codes 
(NEC's).  NEC's  reflect  special  knowledge  and 
skill  in  certain  ratings..  The  NEC  coding  system  is 
a  form  of  management  control  over  enlisted 
skills.  It  identifies  skills  and  training  required  for 
speciric'^..types  of  operations  or  equipnient.  The 
Chieff  of  Naval  Personnel  details  personnel  who 
have  acquired  thost  skills  to  those  ships  that' 
require^  the  skills.  Th?re  are  a  number  of  NEC's 
that  Enginemen  may  earn  at  certain  grade  levels 
by  satisfactorily  completing  an  applicable  course 
of  instruction  at  a  Navy  school.  Your  personnel 
office  will  have  complete  information  on  NEC's 
and  qualification  procedures. 
•  ■    •      . ,    ■       ■  ■   ■      .  ) 

THE  NAVY  ENUSTED 
ADVANCEMENT  SYSTEM 

Some  of  the  things-  you  gain  thrckigh 
.advancement  are  easy  to  ^*e.  You  get  mor^pay. 
Your  job  .assignments  become' more  interesting 
sihd^  more  challenging-  You  are  regarded  with,' 


^rea^r  respect  by^  officer^  smd  enlisted 
personnel.  You  enjoy' the  satisfaction  of  getting 
ahead  in  your  chqsen  Navy  career. 

But  the  advantages  of  advancing  in  xate  are 
not  yours  alone^.  The  Navy  also  profit^.  Highly 
*  trained  personnel  are  essential^to  the  functioning 
of  the  Navy.  By  each  advancement,  you  increase 
your  value  to  the  Navy  jn  two  ways.  First,  you 
become  more  valuable  as  a  specialist  in  your 
own  rating.  And  second,  you  bwjomc  more 
valuable  as  a  person  who  can  train^cthers  and 
thiis  make  far-reachiiig  contributions"  to  the 
entire  Navy. 

,The  basic  ideas  behind  the  advancement 
system  have  remained  stable  for  many  yeare,  but 
specific  portions  may  change  rather  rapidly.  It  is 
important  that  you  know  the  system  and  follow 
changes  carefullsyBUPERS  Notices  in  the  1418 
§eries  vidll  nomially  keep  you  up-to-date. 

Th^  nomtal  system  of  advancement  may  be 
easier  to  understand  if  it  is  broken  into  two* 
parts:  .  . 

*    .  -    "       u ,  ^ 

1.  Those  requirepients  that  Inust  be  met  * 
before  you  may  be  considered  for  advancement 

2.  These  factors  that  actually  determine 
whether  you  will  he  advanced, 

QUAUFYING  FOR  ADVANCEMENT 

In  general,  to  qualify  (be  considered)  for 
advancement,  you  must: 

r.  Have  a  certain  amount  of  time  in 
paygrade.  • 

"2.  Dernonstrate  knowledge  .of  material  in 
your  mandatory  Rate  Training  Manuals  by 
achieving  a  suitable  score  on  your  command's 
test,  by  successfully  completing  the  associated 
Nonresident  Career  Courses  or,  in  some  cases,  by 
successfully  completifig  an  appropriate  Navy 
scfioo^  "i." 

3.  Demonstrate  ability  to  perform  the 
Personnel  Advancement  Requirement  (PAR) 
Program,  NAVPERSHj4 14/4. 

4.  Be  recommended  by  your  commanding 
Officer.  *' 

5.  For  petty  officer  third  class  and  second 
class  candidates  ONLY,  demonstrate  knowledge 
of.  military  subjecB  by.  .passing  ^  locally 
admjriistere(^   military/leadership  examination 


Chapter  1- ADVANCEMENT 


based  on  the  naval  standards  for  advancement 
(from  NAVPERS  1 8068  series). 

6.  Demonstrate  knowledge  of  the  technical 
aspects  of  your  rate  by  passing  a  Navywjd^ 
advancement  examination  based  on  the 
occupational  standards  applicable  to  your  rate 
(from  NAVPERS  180'6S  series,  those  standards 
listed  at  and  below  your  rate  level).' 

•  ^  •  ■  « 

Figure  1-1  is  a  detailed'  v^ew  of  ,the 
requirements  for  advancement  of  active  duty ^ 
personnel  and  figure  1-2  is  similar  information' 
for  inactive  jduty  personnel  Remember  that  tljjfe 
occupational  standards  can  change.  Check,  with 
your  division  officer  or  ttainiijg  pf fleer  to  be 
sure  that  you  know  the  most  recent  standards- 
'  If  you  meet  all  of  the  above  requirements 
satisfactorily,  you  become  a  member  of  the 
group  from  which  advancements  will  made, 

WHO  WILL  BE  ADVANCED? 

Advancement  is  not  automatic  Meeting  all 
of  the  requirements  makes  yett^^eligible  but  does 
not  guarantee  your  advancement.  Some  of  the 
factors  that  determine  which  persons  of  all  of  ^ 
those  qualified  wiB  achiaily  be  advanced  in  rat^ 
arc*/   -  " 

l.'  The  ^ore  made  on  the  advar^ce^ent 
examination. 

Z        length  of  time  in  service.  - 

3,  The  performance  marks  earned- 

4.  The  number  of  vacancies  being  fille^  in  a 
given  rate. 

If  the  number  of  vacancies  in  a  given  rate 
exceeds  the  number  of  qualified  personnel,  then 
all\of  those  qualified  will  be  adyajfced!  More 
often*  there  arc  more  q'ualified  people  than  there 
are  vacancies.  When  this  happens,  the  Navy 
advances  th<^  Who  are  BEST  qualitied  by 
comjbining  thre^  personnel  tvaluation  systems: 

1.  Merit  rating  system  (annual  evaluation 
and  commanding  officer  recommendation). 

2.  Penionnel  testing  system  ^advancement 
examinatidn  score--wi'th  some  credit  for  passing 
previous  advancement  exams)- 

'3,  ^Longevity  (seniorityy  system  (time  in' 
late  and^time  in  sexy  ice).  ; 


^Simply  stated,  each  individual  is  given  credit 
for  what  he  or  she  has  acliieved  in  the  three  ^ 
series  of  performance,  knowledge,  and  seniorit>^ 

•;A^h>mposite,  kno>^  ajf  the  final  multiple  scoK 

\is  derived  from  these  three  factors.  All  of  the 
candidates  who  have  passed  the  examination 

:from  a  given  advancement  population  are  then 
placed  on  one  list  BaseE^on  the  final  multiple 
score  the  person  with  the  highest  multiple  score 
is  ranked  first,  and  so  on,  do^  to  the  person 
with  the  lowest  multiple  score.  Advancement 
authorizations  are  then  issiied  for  candidates  for 
E-4,  E-5;  and  E-6,  beginning  at  the  top  of  the 
list;  fdr  the  number  of  persons  needed  to  fill  the 
existing  vacancies-  Candidates  for  E-7  Whc^ 

i  final  multiple  scores  aife  high  enough  will  be 
designated  PASS  SELBD  ELIG  (Pass  :Sc;leCtion 

;^  Board  -Eligible),  Their  names  viall  be  placed 
before  the  Chief  Petty  Officer  Selection  Board,  a 
BUPERS  board  charged  with  considering  all 
designated  eligible  candidates  for  advancement 
to  CPO,  Advancement  authorizations  for  those 
being  advancecj  to  CPO  are  issued  by  thisboaJd. 

Who,  then,  are  the  individuals  who  are 
advanced?  Q^ically,  they  are  the  ones  who 
achieved  the  most  in  preparing  for  advancement* 
They  were  iK)t  content  to  just  qualify;  they 

^  went  the  extra  mile  in  their  training.  ThrOii^ 
that  training  and  their  woric  experience  t^ey 
developed  greater  skills,  learned  more,  and 
accepted  more  responsibility.  While  it  cannot 
guarantee*  that  any  one  person  will  be  advanced, 
the  advancement  system  does  guarantee  that  all 
persons  within  a  particular  rate  will  compete 
equally  for  title  vacancies  that  exist 

HOW  TO  PREPARE  .  .  '  " 

FOR  ADVANCEME!^ 

.  ,  ■  / 

"  What  must'  you  do  to .  prepare  Yor 
V.  advancement?  •  , 


1.  Learn   the  naval  standg&-ds .  for  your 

paygruti^  level.  ^       ■     ■  ^  ■ 

2.  Le'am  how  to  perform' the-  work  defined 
by  the  occupational  standards  for  your  rating- 

3.  Work  on  the  Personnel  Advancement 
Requirement  (PAR)  Program  for  your  r^tiag. 

4.  Study  the  required  rate  training  manuals 
for  your  rating.        ,  ' 
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REQUIREMENTS* 

El  to  E2 



E2  to  £3 

•    #E3  ' 
1   to  E4 

#e4' 
to  E5 

.  E5 
to  E6 

##tE6 

;  to  E7 

WtE7 
to  E8 

l#tE8 
to  E8  . 

■SERVICE  - 

6.  nx)S . 
service. 

6  mos. 
asE-2., 

6  TOS. 

as  E-3, 
2  years 
time  in 
service. 

l2*mos. 
as  £-4. 
3  years 
time  in 
service. 

j24  mos. 
as  E-5. 
7' years 
time,  in 
service. 

36  mos. 
as.  E-6. 
10  years 
time  in 
"service. 

3$  mos. 
as  E-7. 
S  of^l3 
years 
time  in 
service 
must  be 
en- 

lis-ted. 

36  mos. • 
as  E-S. 
10  of.  16 
years 
time  in 
service 
nuist  be 
enlisted. . 

SCHOOL 

•  • 
• 

Recruit 
Trai  ni  no 

»  1  U  III  lilM* 

{CO. 
may  ad-  ■ 
vance.  up 
to  10%  . 
of,  grad- 
uating ,  . 

r*  1  ^  c  c  \ 

•  •  .'.*•'/.*•*.*.'.'.'.'.'. 
*.*•'.','.*,'      " ',' ' ', 

Class  A 

TOr  rKJI, 

DT3JS3.^ 
AME3, 
HM3,  , 
•FTB3, 
MT3.MU3, 
EW3 

Naval 
Justice 
School 
LN2 

/ 

:::;:::':)T^T7T. 
Ill 

Nsivy 
School 
for  AGO, 

Huc.n 

PERSONNEL 
ADVANCEMENT  . 
■  REQUIREMENT 
(PAR) 
NAVPERS 
1414.(4 

Personnel  Advancement  Requirdtent 
(PAR)  must  be  completed  for  . 
advancement  to  E-4  tfii"ough  E-7. 

•  •  •  • 

'«'•*•%'•  '•*•*•%*•*«  *•  ' 

■»*»'.'/•',•,'.',', 

•  ****** 

**  .  .  ^  .  .  .  .  i  .  ..  .»  »^»  ..v» 

PERFORMANCE 
TEST      ■  , 

v/Xvi*!  V,  V/ 

.Specified  ratings  "imjst  con^lete 
applicable  performance  tests  be- 
fore taking  examinations. 

ENLISTED 

PERFORMANCE 

EVALUATION 

As  used  b> 
when  apprc 
advancemer 

>v1ng  , 
t. 

- — \^  \.   1 

Counts  toward  performance  factor  ere 
multiple.  « 

I 

^dit  ^in  ,a 

dvancenieRt 

-J— ^  s_ 

Local ly 

prepared 

tests/ 

See  ' 
below, 

Navywide  exaqji nations  ' 
required  for  a;il  PO  ,  ' 
advancements. 

Navywide  selection  board.  - 

RATE  TRAINING . 

MAMtlflt  /Tiki 

WnUAL  IN- 
CLUDING 
MILITARY 
REQUIREMENTS) 

Required  for  E^3  and  aTV  PO  advancements  - 
unless  waived  because  of  school  c(*iple- 
tion,. but  need  not  b'e  repeated  if  identical 
course  has  already  beten  completed..  Seel' 

Nonresident  career 
courses  and 
reconnended  reading. 
See  NAVEDTRA  a0052 

AUTHORIZATION 

Commandin 
■  Officer' 

NAVEDTRA:  10052  (current  edition)..,      -A  - 
g         h       '  NAVEDTRAPROOEVCEN 

{cujrrent  edltiqnj. 

J.O    ♦  .vv,»,,^  vw....»j^u ,,,y  u,)ii«,er  i  reeomnenoaiion.  t 

tZ^years  pbbgated  service  reqiJiVed -for  £'-r,  E-8,  and  E-9.       .  '.^ 

,  iMintary  Teadership  exam  required'' for  E-4  and' E-5 

NAVEDTRAPRODEVdEN  eW  or  locally  prepared  tests  may  be  used 

ttWaived  for  qualified  EOD  personnel.    \  ^  ^  ^  i'«jf      usea.        .  . 

##Advancement  to  E-7  will  be  10  years  TIsVfective  1  January  1979;  to  £-8,  13  years  TIS 
effective  1  Noveii^er  1978;  to  &-9.  16  yeah^  TIS  effective  1  Novei^r  1978 


ERIC 


Fit^rt  1-1,-Aciiv«  duty  advanc^K^t  iKiuvamints, 


\ 


'   

REqUIREMENTS*. 

4 

El  to 

..E2 

E2  to 
E3 

E3  to 

E4  to 

/  E5. 

E5  to 
E'6 

E6  to 

£7  ■ 

E8  , 

E9 

TOTAL  TIME 
IN  GRADE  - 

6  mos. 

6  mos. 

e.m/s. 

\  * 

24  DOS. 

3§  mos. 
with 
total ' 
9  yrs 
service. 

36  mos. 
with 
total  . 
12.  yrs 
service. 

24  mo% 
with  . 
total 
15  yrs 
service. 

TOTAL  TRAINING 
DUTY  IN  GfiJADCt 

U  days 

.14  days 

■  /  • 

^4  days  . 

14  days 
• 

28  days 

'42  days 

.42  days 

< 

28  days' 

PERFORMANCE. 
TESTS  ' 

mmmmmA 
mmmmmi 

Specified  ratings  nwst  coroplets  appltcable     .  • 
performance  tests  before  taking  examination. 

DRILL 

PARTICIPATION  ' 

Satisfactory  pa 
accordance  wil?h 

■  ■'  ^  1 

rticlpation  as  a  member  of  a  drill  unit 'in 
BUPIRSiNST  5400.42  series;                      .  : 

■          .  .    ■  ■   ■        -   ■  '  '       ......  '.^  - 

PERSONNEL  '  ' 
'ADVANCEMENT 
REQUIREMENT  (PAR) 
NAVPERS ,1414/4  . 

*  «  *  a^i  •  r  •  •  •  •  •  •        a^a  v^k. »  "^t 

Hv:;:;:: 

.v/.v. 

t    '      ■        ■  ' 

P^irsonhel  *  Ad v^inc^nt  Requi  re- 
ments  (PAR)  HAVPEHS  14J4/4  wst  . 
be  cofnpleted  for  advance^nt  to 
£4  thY^jugh.  £7/  \ 

•                   <a<«a€««€*t<A«  •*«*  ,* 

««••««•<<>»•■  ••••«••  ••«••«• 
•  4««**a*i*«**  •^•^€  1  i^*  •«  ,,*/«%•••««  « 

,'.V,*A *.*•*•*«*.*«*•*•*«%*•                   •*€*/•  •  •  •  •  1»  €  •  ' 

•«•«•#«•••«••«••«•»•*••»••*•••••• 

««•*<  <  ••  •«•••  ••«•«•  •••«<*'**««t<l 

iV.^.V.Vt'.Yv.Vu'.ViV-  -Vi't  t*- 

RATE  TllAINING 
MANUAL  (INCi-UDING 
MIIITARV  REQUIRE- 
MENTS); 

C(»^3letipn  of  applicable  course  or  courses  wust  be  entered  U  • 
service  recjard.                         '  : 

1                            -     '                     ■                    t                    '        .       .     ■  ■ 
*         '       1                                        .                            ■       .                                          •  "  : 

EXAMINATION. 

I  — ^ 

'               .  [ 

Standard'  E%d^ 

'■1 

! 

if  1 

■ ,  • 

Standard  Exam  required  for  all 
PO' advancements.   Also  pass  ' 
Military  Leadership  Exam' 
for  E4*  and  E5.  . 

standard  fxam 
Selection  Board. 

 y. 

--AirrHORIZATItJN  V  ■' 

Officer.  j 

NAVEDTRAPRODEVCEK  -  ' 

♦RecdOTuendatiOn  by  conmanding  officer  required  for  all  advancements.  '  ; 
fActive  ckity  periods  may  be  substituted  for  training  duty.      ■  • 


Fiflttf  ■  1-2.-in«ctiM  duty  mk/Mtamfnt  rtqwrtmMtti. 


/ 
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•  \    5."  Study  o^er  n^teoal  applicable^  for 

advancement  in  y.our  rating  such  as  shovJii  in  the 
Biblipgraphy  ^  for  .  A4v-ajicement  Study.' 
:  -NAVEDTRA ,  10052,  -(NOTE:.  If  y^cHi  are 
^-    woricing  for  -advai^mentv  td  :secdnd  -class,  " 
remember  that  you.  may  be'exaniijied  on  thjrd- 
.'9^^  standards  as well  . as "  on  second "rlass 
^>  standards).  •  ;  V/  ^  ' 

The' following  sections  describe  these  five 
,  factors  and  give  you  some";  practical  suggestions  * 
ort   how   to   use .  *^(if  in   preparing '  for 

•  allvancement.   -  ,    •     *  .  .• 

-       ..   "     ■■■    <  ■   .  ■ 

Naval  Standards^  '    '  ^ 

^  "  i  Naval  standards  are  requirements  that  apply 

"  *tp  _all  ratings  rather  than  to  any  one  particular 
rating.  Naval  requirements  for  advancement  to 
.  third  class/and  second  class  petty. officer  rates  . 
deal  with  military  conduct,  naval  oiganization, .  . 
miataiy  justice,  security,  watdjstanding,  a«d 
other  subjects  which  are  required '  of  vpetty  . 
officers  in  all  ratings,  <  ' 

:      .  You   are   required   to  pass  a  ^^vyWide 
miiitary/leadership  examination  -  for  E4/pr"E-5,- . 

.  .^ppfdpriate,  befdre  yxxi  take  the'occupitipnai 
.e^mina'tions,  The  military/leadlBhip. 
examinations -are  administered  oh  a'schediile 
detemftined  by ,  your  commanding  officer. 
Candidates  are  required  to  pass  .the  appUcable 
njilitary/leadership.examination  only  once.  Each 
of  these  ejfaminations  consists  of  100  questions 
based  on  information  contained  in  Military 
Requirements  for  Petty  Officers  3  &  2, 
KAVEDTRA  10056  <currcnt  edition)  and  in 

,  other  publications  listed  in  the  Bibliography  fan 
Advaneement   Study,    NAVEDTRA*  10052  ■ 
(cunent  edition).  . 


Occupational  Standards 


, Occupational  Standards  are*  'requirements 
that  axe  directly  related  to  the  work  of  each 
rating. 

Both  the-  naval  standards  or  requiremehts* 
and  the  occupational  standards  are  divided  into 
subject  matter  groups. 

Manual  of  Navy  Enlisted  Manpower  and 
Personnel  Qassificatiofts '  and  Occupational 
Standards,  NAV^ERS  \8Q6^D  has  replaced  the 


"qu4ls  hianual?'  ahd  the  NEC  manua;-Sectioft"r 
contaii^  the  occupational  and  nayakstandards 
-  Jpr.  adyanceme^jt^to  eaqh  paygi^de'  iri  -each 
fenliste^  ratiiig,"  Section  n-c6ntains*  ihe  Navy 
•  Bnljsted  Classification  Cod'es.    -  •      ,      ,'  - 

Advancefmnt  Examinatidns  .      -  ; 

»    -   The. 'Navy wide.. advancement  examinatiorcv 
■  for  paygrades^  and  E-5  contain- 1 50, questions 
related  to  the  occupational  areas/of  yqur  rating. 

Un  the-  -day  you  take?  your '  advancement 
'examination,  yqur^  examination  .pr^toj-,^^^ 
announce  that  yoii  are  to  rembve'ftfe  lasi  'sfeet 
of  your  ^est  . booklet  ^d  give  it  to  him.  This  last 
page  of  your  booklet  is  theEx^m  Information 
Sheet,  shown  in  figure  .1-3,  ^nd.  on  the  reveree 
side  is  the  Profile  Form  Information  Sheet, 
shown  in  figure  .1-4*  When  you  ,.ti^«  in  yout  ' 
examination,  the /sheet  will  be  returned  fbr  you 
t  to  keep/  ■  . 

^erveral  •  weeks  following  ymt  examination, ' 
you  §hcAiId  receive  a  profile  tard  similar  to  the 
-one  shpwn  inside  the  black  frame  in  figure  l4, 
Supposi  Vofc  prQfile.card  ^fig. .1-4)  shows.a  "P'*" 
on  sectioa  5  (see  the  arrow)  of  the  examination;  " 
you  should  then  refe^  back  to  the  ^Exgrn'' 
Information  Sheet,  'figure  1-3.  If  you  *Cen 
compared  ^section  5'"on  the  profile  card  to  the 
sectioa  of  figure  1-3  marked  by  the  marginal 
.arrow,  you    would,  fmd   the  Subject,  Air 
Conditioning  and  Refrigemtion.  Since  you  had 
receiyed  a  "P"^r  poor  .Si  this  section,  st^y 
would  appear  necessary  on  ,  that  ■  subject'  and 
standards  before  your  jiext  examination.  r 

\ Your  Education  Services  Officer  should  be 
ble  to  furnish  you  with  a  standards  and 
bibliography  shqet  for  each  examination  you  are 
.  to.  take.  This  bibliography  will  cite  the 
publications  used  in  examination  development. 
These  sheets  albng  with  your  profile  card  and*' 
Exam  Infonnation  She^t|^i  help  you  plan  y^our 
study  for  examinations/ 

iPERSONNEL  ADVANCEM0JT 
.  REQUIREMENT  (PAR)  . 
PROGRAM.  NAVPERS  1414/4  . 

The  Personnel  Advancement  Requirement 
(PAR)  is  a  new  system  of  evaluation  that 
replaces   the   Record   of  Practical  Factors  ' 
NJkVEDTRA  1414/4;  .The  PAR  is  based  on  the 
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.0 


mi  m  ,  sHiEt  TO  wui  mocm 


•  PiRORLE    FORM  INFORMATION 


OEPARXMENT  OF  THE  NAVY 


(Ar6ua  NAME  wax  APfEAR  l£IIE) 


'  12546.  AB 


i  (YOUR'^AM  SERIAL.  NUMBER  AND 
THE  DATE  WILL  APPEAR  HEAEj 


0 


1  \  % 


HA 


U 


i  ItnO  lit  wmii  HM 
CO0<  •  (fvMtttni^wt 


Pti 


•MplMtpsry.  TiM  «ir<Xttd  nu«l^t  Abov*  Will  h«v*  ^t^iM  ma  fono«f«2 


I. 

a. 

3. 

4.  , 


'  Yoar  fii^l  Multipl*'  u«UM«  you.ar*  ^slgmatttd  a«  «  diftcrm»j»^  or  fail 

:    "  ■      -       *  ■  -  " 

Th«  finul  »ultipl»  r«^ir«d  for  *av«j)^Mat  or  ft«l^tion  bOArd 
•ii9ib4Xity  unUM  you  «r«  dcii^nat^d  O  a  di»criip*ncy  or  f»ii  U» 
•MMlnatioa.  for  r*tii>9«  %aiioli  »«•  aiX  •dVAJUM'rati&as,  tiM  ^or4  'PAW 
will  4M^M¥  iA  this  blocX.  ,    ,  . 

WTXm/MtMmim  sBtrlM.  tH«  niUib«r«4  boxes  rsf ar  io  tbo««  tubj^ot^ 
»ttt«r  sections  sbown  oh  thm  rsv«irss  sid*  olf  this  sbsst  for  tbs 
•xMiAatioR  i^ich  you  tooXr    THs  STANDXMG  lim  will  show  Isttsr  oocUs 
ifidicstlA9  boif  you^  iadividoslly^  psrfomsd  iii  fmdh-  subjvot-mstftsr 
ssctiM  Qj»«^#rsd  with  sll  otfesr  csAdi4st«s  tskiStf^is  sm«  sssAii»sticm. 

frsvious  cycXs  FN^  poiat  isforMtipn..  Ciirrsnt  oycls  i^iats  ssxnad  if 
•ligibls  srs  inclM^, ,  y  ■ 


•WUCtttf  TO  PW5RADES 


V 


mt%%    S^iacs,  subj*ct^isstt«r  ••ctioui  vsry  in  ths  aiuflMir  of  qusstions,  this  profile 
csn^t  bs  us«S  CO  (N^Mpsrs  ov^rsXX  *JMURia«tioA  psrfc^nMtMSs  bstw^ia  os&didstsi 
'  ?      sAd  is  vAUd  oiay  fcr  s^ t Icm-^ -ssct loa  eoM|>#<^isoft. 
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new  occupaticmal.  stan(Ur(ls  and  is  presented  in 
task  statements,  •  whereas  the  old  Record  of 
Fractical  Factors  was  stated  in  terms  of  practical 
factors^  and  knowledge  fa<itois  which  requ|jed 
Wngthy  and  detailed  Checkoff  lists.  The  fAR  ^ 
allows  a  command  to  evaluate  the  overall 
abiUties  m  individual  in  a  day-to-day  work 
sittiation.        .  -  . 

The  ;5-8  and  E-9  paygrades  are  -exempted  • 
from  the  program  because  there  are  other  means 
of  selection  for  advancement  to  these  paygrades. 
Also,  the  E-3  apprenticeships  arc  so  broad  . that  it 
-  is  impractical  to  develop  a  siiigie  FAR  for  this 
'Paygrade. 

Iht  PAR  for  "*each  rating  lists  the^ 
requirements  for  advancement  *to^  paygrades  E-4 
.thr<High  E-7  in  cme  pamphlet  The  PAR  is 
comprised  of  three  sections  which  contain 
descriptive  information,  instructions  for 
administrationV  sj^cial  rating  requirements*  and 
advancement  requirements.^       ;  . 

S^on  I -Administration '  Requirements  J 
contains  the  individual's  length  of  service,  tinie 
in  paygrade,  and  a  checkoff  for  the  ini^idual's 
having  passed  the  B-4/B-5  militaiyileadership 
examinafioh. ; 

Section  II-Formal  School  and  Training 
Requirements-contains  a  checkoff  entry  for  the 
individual's  having  ccanpleted  the  Military 
Requirements  Navy  Training  Cours^  and  the 
^plicablc  Navy  Training  Course  for  the  rating.  * 

♦Section  Ill-Occupational  and  Military 
Ability  Requirements-is  a  checkoff  list  of  task 
.statements.  Items  in  this  section  are  to^be^ 
,  interpreted  broadly  and  do  not  demand  actual 
demonstration  of  the  item  nor  completion  of 
atternate  local  examination,  although 
demonstration  is  a  command  prerogative. 
Individuals-are  evaluated  by  observation  of  their 
ability  to  perform  tasks  .in  related  areas  l?y 
training  received  or,  if  desired^  by 
ctemonstration. 

PAR  forms  are  stocked  in  the  Navy  Supply 
System.  ,  : 


ENGINEERING  OPERATIONAL 
SEQUENCING  SYSTEM  (EOSS) 

The  purpose  of  BOSS  is  to  detail  the 
sequential    operational    functions    for   the  ^ 


complete  cycle  of  plant  evolutions.  Eadi  plant 
evolution  becomes  a  plant  procedure  -which  is 
supplied  to  the  .Engineering  Officer  of  the 
Watch.  The  use  of  correct  operating  and  casualty 
cmtrol  techniques,  should  reduce,  casualties 
resulting  from  ^personnel  error  and,  increase 
equipment  use  and  life.  .  . 

If  EOSS  is  followed,^  all  watchstanding  will 
be  improved'  and  standardized,  and 
watchstanders  wijl  develop  and  maintain 
maxhnum  ptoficiency  in  engineering  operation 
and  casualty  control  procedures.  These 
improvements  "wiU  contrilxite  to  the  operational 
readiness  of  the  engineering  propulsion  pilant 

EOSS  has  a  secondary  feature  in  that  it  is  an 
excellent  aid  for  indoctrinating  and  training 
newly  assigned  engin^ring  personnel,- providing 
tjF^feiSig  for  adwncem^t  '  in  rating,  and 
"^preparing  for  refresher  t^aunng-^This  trainirtg,  in 
turn,  will  also  help  to'  assure  the  overall 
operational  readiness  of'.tl^e  engineering 
propulsion  plant  ,  .  , 

EOSS  is  broken  downUnto  two  subdivisions:  ' 
Engineering  Operational  Procedures  (EOP)  and 
Engineering   Operational   Casualty  Control 
(EOCT).       -  ,  '  .  , 

'  ^ce  EOSS  is  tailored  for  each  particular 
ship,  complete  details  are 'not  given  in  this  ' 
training  manual.  For  complete  information,  • 
study  the  EOSS  provided' for  your  sWp.  It  is  a 
ready  reference. 


PERSONNEL  QUALIFICATION 
I^ANDARDS 


The  Personnel  Qualification  St«idard  is  >a  , 
document  which  describes  the  knowledge  and 
skills  a  trains  must  have  to  perform  certain 
duties.  It  wiU  speed  up  learning  progress  sjsce 
each  person  will  know  exactly  w^at  infoitnation 
to  'obtain   to  prepare  '  for*  qualifying  in:^ 
increasingly  "complex  -duties.  It  individualizes* 
learning  so  that  eadi  person  may  take  advantage 
of  opportunities  to  leam  on  the  job.  It  places 
the  responsibilities  for  ieaming  on  the  learner 
*nd  continuously  mcwutcffs  adiievement  By 
providing    a    convenient    record  of 
accomplishment,  it  offers  a  means  whereby 
supervisors,  can  check  individual  ability  and. 
progress. 


^  Since  the.  Personnel  QuflificaticHi  Standards 
have  been  assembled  by  groups*  of  experienced 
offibcis  arid  petty  officers,  they  ^tterfjJt  to 
represent  the  guidance  which  woiild  be 
Airnidicd  if  each  pcr&oai  had  an  experienced  and' 
.concerned  petty  officer  guiding  each ^tep. 

Personnel  -  Qualification  Standar<b  am 
<tesigned  to  support  advanceinerit*  in  rati^ 
requirements .  as  stated  in '  the  Navy  Enlisf^ 
Afanpower  and  Personnel  Classifications  imd 
Occupational  Stgndards,  (NAVPfePLS  18068 
series,)  -  -7  ■  ' 

Every  Personnel  Qualification  Standard 
contains  the  fcilowijig  sections; 

1.  Introduction 

2.  Qossary   of  Qualification  ^tandaid 
Terms  a  ' 

3v  Table  of  Con  tents    ■;  ' 
4.  100  series-Theory 
.    5.  200series-~Systein$  - 

6.  300  scries- Watchstanding, 

7.  400  series-Qualification  dards 

8.  Bibliography 

9.  Feedback  Forpis 

"r.  - .     :■'  v. 

.jPUia»Oi^,  BENEFITS,  AND 
\   U^AIIONS  OF  THE  PLANNED 


//  8.  to  det«;t  iireas  requiring  addition^  Or 
Improved  personnel  training  and/or  improved 
/  /Maintenance  techniques  or  attention.  ' 
"  '  9.  To  provide  increased'  reading,  of  the 
ship.  ■       ;         -  ,  '  , 

BENEFfrS  .. 

PMS  is  a  ^ool  of  command  By  using  PMS, 
'  the  ccsnmanding  officer  can  readily  determine 
whether  Jhe  ship  is  being  properly  maintained. 
,  Reliability  is  intensified.  Prcventive.maintenancc 
reducej  the  need  for .  m^'or  corrective 
maintenance^  increases  economy,  and  saves  the 
cost  of  renairs.  »  .  _ 

PMS  assures  better  records,  containing  more 
data  that  can  be  useful  to  the  shipboard 
maintenance  manager.  The  flexibility  of  the 
.  system  altows  for  programming  of  inevitable 
.  changes   in  -  employment  schedules,  thereby 
•helping  to  better  plan  preventive  maiiitenancc. 
Better  leadership  and  management  can  be 

realized  by.  reducing  frustratirig  breakdowns  and 
irregular  houis  of  worlc  PMS  offm  a  means  of 
improving  morale  and  thus  Enhances  the 
effectiveness  of  all  hands.  -  -  - 


BIAINTENANCE  SYSTEM 
/PURPOSES  I 

The  Pianncd  Maintenance  System  (PMS)  was  ' 
established  for  several  purp<»e$; 

v'.  '  '  ■  ■ 

1.  To  reduce  complex  maintenance  to 
simplified  procedures  that  are  easily  iderttified 
and-managed  at  all  levels. 

/  2,  To    define   the   minimum  planned 
maintenance  required  to  schedule  and  control 
JjMS  performances. 

/    3.  To  describe  the  methods  and  tools  .to  be 
used.  ' 

4.  To  provide   for  Sc  detection  and 
IWBvention  of  impending  casualties. 

5.  To  forecast  and  plan  manpower  and 
material  requirements.  • 

6.  To  plan  and  schedule  maintenance  tasJcs. 

7.  To  estimate   and  evaluate  material 
fptdinest. 


UMITATI9NS  OFPMS 

.'  ■■'  '-^  .  ,    .'   ■  ■ 

The  Planned  Maintenance  System  is  not 
self-starting;  it  will  not  automatically  produce 
good  results;  considerable -profiKsional  guidance 
^  is  required,  .Continuous  direction  at  each 
echelon  must  be  maintained,  and  one  individual 
must  be  assigned  both  the  authority  and  the 
responsibility  at  each  tevel  of  the  system's 
(^ration.         ,  ' 

Training  in  the  maintenance  steps  as  well  as 
in  the  system  will  be  necessary.  No  system  is  a 
ail^titute  for  tlw  actual  technical  ability 
required  of  the  petty  officers  who  direct  and 
perform  the  upkeep  of  the  equipment 


'  SOURCES  OF  INFORMATION 

t  ,  ^  '  '  ' 

One  of  the  most  uscftij  things  you  can  learn 
about  a  subjeqt  is  how  to  find  out  more  aboyt  it- 
No  single  publication  can  give  you  'all  the 
information  you  need  to  pierfbrm  the  duties  of 
your  rating.  You  should  leam  where  to  look  for 


Chapter  1-ADV. 


ENt- 


the 


to-iiate  information  / 
naval  requirements^ 
occupational  stan^^fds 


accurate,  authdritative, 
on  idl  subjects  related  tj 
for  advanceni^t  and 

of  yourratingi    •  Z    ^  .  ^ 

In  this  sectiony^e  shall  discuss  most/of  the 
publications  you  will  use. .  The'^et^ed 
informatidn  y^need  for  advancemeiit^d  for 
everyday  wotiX  is  contained  in  thei^*  l^me  are 
subject  to /MmgQ  or  revision  .  £khp  time,  to 
-time-somy^ at  regular  -  interval^  others  as  the 
.  need,  aris^  >Mien  using  any  pyfolication  that  4s 
subjectyfo  change  or  revision/ be  s\ire  that  you 
have  y«ie  latest  edition. /When  using  any 
publj^tion  that  is  kept  caixenl  by  means  of 
chains,  be  sure  you  hav^  a  copy  in  which  all 
ofScial  changSes  h^ve  /fceen  made.  .Studying 
Gsmceled  or  obso|Iete  inffoi;matioi\  will  not  help 
^  to  do  your  work>or  io  advance  in  rating.  At 
^best,  it  is  a  w^te  6fydme  ;  at  worsts  it  is  likely  to 
be  dangercxisly  inisl 
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sading. 


NAVEttTRA  PUBUCATIONS* 

.  The  ,Naval  Education  and  Training  Support 
Command  arid;  it$,  field  activities  come  directly 
under  the  command  of  the  Chief  of  Naval  , 
Educatidn  and  Training  insitead  of  the  Chief  of 
Naval  Peis^rJcl.  Training  materials  published  by 
the  Naval  Education  and  Traini^ig  Command  are 
designated  as  NAVEDXRA.  NAVTRA  and 
•NAVPEbS  designators  on  publications  ,will 
remain  sfcs  .originally  assigned^TTie  designators  of 
publicj^uons  printed  hereafter  will  be  ch^ed  to 
NAV^TRA  as  each  publication  is  revised. 
*  The  naval  training  publications  descrii^d 
herciii  include  some  tbat;«re  absolutely  essential 
for  anyone  seeking  advancement  and  some  that, 
although  not  essential  are  extremely  helpful. 

NAVEDTRA  10052 

Bibliography  for  Advancement  Study, 
NAVEDTRA  10052  is  a  very  important 
publication  for  any  enlisted  person  preparing  for 
advancement  it  lists  required  and  recommended 
rate  training  manuals  and  other  reference 
.  materials  to  be  used  in  preparation  for 
advancement. 

NAVEDTRA  10052  is  revised  and  isajed 
annually  by  the  Chief  of  Naval  Education  and 
Training-  Each-  revised  edition  is  identified  by  a 


letter  follgwiii^ithe  NAVEDTRA- number.  When 
usjng  this  publjcatip,  be,  sure  that  -you;  have  thc^ 
most  recent  edition.        *  ' 

If  extensive  changes  in 'stgndardSs^Ur  in 
any  rating  between  *  the  annual  revisions .  of.  - 
NAVEDTRA  10O52,  a  supplementary  list  of  . 
study  -material  may  bfc  issued  in  the  fona  of  a 
BUPERS  Notice.  When  you  are  preparing  for  ' 
advancement,  check  to  see  whetlier  changes  have 
been  made  in. the  standards  for  your  rating.  If  . 
changes  have  been  made,  see  whether  a  BUPERS . 
Notice    has   been    issued  o  to  supplement 
NAVEDTRA  J  0052  for  your  rating.  . 

The  required  and  recommended -references^ 
are  listed-t)y  paygrade  in  NAVEDJ-RA  10051 1£,-^ 
you  are  working  for  advancemi^nt*  to  third  cla^V 
stu^y  the  material  that  is  listed  for  third  class.  If 
you  are  working  for  advancement  ■  to  ^second 
cla^,  study  the  material  that  is  listed  for  second 
class,    but  'remember   that   you   are    also  , 
'responsible  for  the  references  listed  at  the  third 
class  level-  ^ 
In  ising  NAVEDTRA  10052.  youy  will  ' 
notice  ' that  scjine  rate  training  rnanuals- are  . 
marked  with  an  asterisk  (♦).  Any  manual. 
,  marked  in  this  way  is  MANDATORY-that  is, 
you  must  complete  it  at  the  indicated^  rate  level 
before  ycHi,  can  be  eligible  to  take  the  Navy  wide 
examination  for  advancement  Each  mandatory 
manual  may  be  -completed  by  (1)  passing  the  . 
appropriate  nonresident  career  course  that  is 
based  on  the  mandatory  training  manual;  (2) 
passing -locally  prepared  tests  based  on  the 
information  given  in  the  training  manual;  or  (3) 
in  some  cases,   successfully  completing  an 
appropriate  naval  school. 

Do  not  overlook  the  section  of  NAVEDTRA 
10052  which  lists  the  required  and 
recommended  references  relating  to  the  naval 
standards  for  advancement  Perscainel  pl^.  ALX 
ratings  must  compJWe  the  mandatory  military 
requirements  training  manual  .  for the 
appropriate  rate  level  before  they  arc  eligible  to 
advance. 

.  The  references  in  NAVEDTRA  1 0052  which  > 
are  recommended  t»it  not  mandatory  shoald 
als6  be  studied  carefully.  All  reference&.listfid  in 
NAVEDTRA  10052  may  be  used  as  source 
material  for  the  written  ^xamiaations,  at  the 
appropriate  rate  levels.  .  ' 


11 


ENGINEMAI^  3  &  2 


Besides  training  nunual&»  NAVEDTRA 
10052  lists  official  publications  on -which  you* 
maj^  be  texamiired.  Ybu  should  study,  the 
sections  required,  and  alsobcccane  as  familiar gs 
possible  with  all  publ^ations  you  use.  •  ' 


lUle  Training  Manuals 


\ 


Thei^  ajre.Wo  general  types  of  rate  training 
manuals-  RATING  manuals  (such  as^this  one) 
ire  prepared  for  most  enlisted  ratings!  A  rating 
4nanual,  gives  information  that  is  directly 'related 
to  the  occupational  standards  on  one  rating. 
SUBJECT  'MATTfeRmahuals  or  BASIC  manuals 
:  fflye  information  that  applies  to  more  than  'pne 
rating. 

Rate  training  manuals  are  revised  from  time 
.  to  time  to  keeiJ  them  up-to-date  technically.  The 
revision  of  a -rate  trainii*  manual  is  identified  by 
■  a  letter  foUowing  the  NAVEDTRA  number.  You 

;  can  .tell  -  whether  any  particular  copy  of  a 
training  manual  is  the  latest  edition  by  checking 
the-  NAVEDTRA  number  and  the  'letter 
following  this  number  in  the  most  recent  edition 
of: list  of  Trafni^'Mofiiiats  and  Correspondence 
Counes,  NAVEDTRA  10061.  (NAVEDTRA 
10061  is  actually  a  catalog  that  lists  all  current 

"  training  manuals  and  couises;  you  will  find  this 
catalog  useful  in  planning  your  study  program.) 

Each  time  a  rate  training  manual  is  revised,  it 
is  brought  into  conformance  with  the  official 
publications  and  directives  on  which  it  is  based. 
However,  dujing  the  life  of  any  edition  of  a  rate 
ttaining  majual^  changes  will  be  made  to  the 
official  souKes  and.  discrepancies  will  arise.  In 
.  the  performance  .your  duties,  you  shcHiId 
always  refer  to  the  appropriate  officii 
publication  or  directive.  If  the  official  source  is 
listfcd  .in  NAVEDTRA  10052,  the  -  Naval 
E<iucation  and,  Training  Program  Developmc^it 
Center  tises  it  as  a  source  of  questions  in 
pre|)iring  the  flsetwide  examinations  for 
advancement  In  case  of  discrepancy  between 
any  pubUcatiwis  listed  in  NAVEDTRA  10052 
for  a  given  rate,  the  examin^tion  writere  will  use 
t^c  most  recent  material.  / 

.  Rate  training  manuals  are  designed 
you  prepare  for  adyance^iient  The 
suggestions  inay  help  V^^to  n^tke 

er|c  '  .    '  ^ 


of  this  manual  and   other  Navy  training  ^ 
;  publications  when.  yc«  prepare  for  advancement 
■  ■  .    *  '    .     .  .  .■  . 

1.  Study  the.  naval "  shtandards  and  ■  the 
occupational, standards  fpr  your  rating  before 
you. study  the  training  manual  and  refer  to  th«  . 
standards  frequently  ^'-you  "study* Remember, 
you  arc  studying  the  njanual  primarily  to  meet 
these  standards.  ' 

2.  Set  up  a^regular  study  plan.  It  >rill.' 
probably  be  easier  for  you  to  stick  to  a  schedule 
if  you  can  plan  to  study  at  the  same  time  each 
day.  If  possible,  schedule  your  studying  for  a 

.    time  of  day  when  you  wiU  not  have  too  many 
interruptions  or  distractions,  • 

3.  Before  you  begin  to  gtudy  any  part  of  . 
the  manual  intensively,  become  familiar  with  the 
entire  book.  Read  the  preface  and  the  table  of 
contents,  C^eck  through  the  index.  Thumb 
thrcHigh  the  book  withtxit  any  particular  plan. 
Look,  at  the  illustrations  and"  read  bits  here  and 
there  as  ycm  see  things  that  interest  you.  Review 

•  the  Glossary  (Appendix  I),  which  provides 
defimtions  that  apply  to  words  or  terms  as  they 
are  used  withm  the  engineering  field  and  within 
the  text  There  are  many  words  with  more  than 
one  meaning:  Do  not  assume  that  you  know  the 
meaning  of  a  word!  As  you  study,  if  you  cannot 
recall  the  use  of  a  word,  look,  it.  up  in  the 
Glo^ary.  ^  table  of  conversion  to  the  metric 
systejTi  appeals-  in  Appendix  II  for  your 
Convenience. 

4.  Look  at  the  training  manual  in  more 
detail  to  see  how  it  is  organized.  Look  at  the 
•table  of  contents  again.  Then;  chapter  by 
chapter,  read  the  introduction,  the  headings,  and 
the  subheadings.  In  this  manner  you  will  get  a 

.  pretty  clear  picture  of  the  scope  and  content  of 
the  book.  As  you  look  through  the  book,  ask 
^  yourself  some  questions: 


to 


What  do  I  need  to  leant  about  this? 

What  do  I  aheady  know  about  this? 

How   is'  this   information  related 
mformation  given  in  other  chapters? 

How  is  this  information  related  to  the 
occupational  standards?  ■ 

5.  When  you  have  a  general  idea  of  what  is 
in  the  training  manual  and^iow  it  is  organized, 
fill  in  the  dietaiis  by,intei)|ve  study.  In  each 


i 
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study  period,  try  'to  cover  a  coiaplete  unit-it 
may  be  a  chapter,>a  section  of  a  chapter,  or  a 
.  subsection.  Thic  am^kmt  of  material  that  you  can 
•%pver  at  one  time  will  vary.  If  you  know^  tiiet 
-subject  well  or  if  the  material  is  eas^,  you  can 
cover'  quite  a  lot  at  bne  time.  Difficult  or 
unfarai^ar  material  will  require  more  study  time. 

6.  In  ^  studying  any  one  unit-chapter, 
section,  or  subsection- write  down  the  questions' 
tiiat  occur'  to  you.  Many  people  find  it  helpful 
to  makt  a  written  outline  of  the  unit  as  tiiey 
study,  (X  at  least  to  write  down  the^ost 
.important  ideas. 

.7.  As  you  study,  relate  the  information  in 
the  training  manual  to  the  knowledge  '  you 
already  have.  When  you  read,  about  a  process,  a 
.  skill,  or  a  situation,  try  to  see.  hov^  this 
information  tigs  in  with  y<»ir  own  past 
experience.  , 

8.  When  you  have  finished  studying  a  imit, 
take  time  out  to '  see  what  you  have  learned. 
Look  back  over  yogfr  notes  and  questions. 
Maybe  some  of  your  questions  have  been 
ahi|werBd,  but  perhaps  yoa  still  have  some  that 
are  not  answered.  Without  ,  lookin|[  at  the 

'  training  manual,'  write  dovm  the  main  ideas  that 
you  have  gotten  from  studying  this  unit  Don*t 
just  quote  the  book.  If  you  can't  give  thes^  ideas 
in  your  own  words,  the  chances  are  that  you 

*  have  not  really  mastered  the  information. 

.  9.  Use  nonresident  career  courses  whenever 
you  can.  The  courses  are  based  on  iate  training 
manuals  or  on  other  appropriate  texts.  As 
mentioned  before,  completion  of  a  mandatory 
rate  training  manual  can  be  ^coraplished  by 
passing  a  nonresident  career  qourse  based  on  the 
rate  training  manual.  You  will  probably  find  it 
helpfiil  to  take  other  courses,  as  well  as  those 
based  on  mandatory  manuals.  Taking  a  course 
help*  you  to  master  the  information  given  in  the 
itraijung  manual  and  also  helps  you  to  see  how 
much  you  have  learned. 

10.  Think  of  your  future  as  you  study  rate 
training  manuals.  You  are  working  for 
advancement  to  third  class  or  second  class  right 
now.  but  some  day  yo^  will  be  working  toward* 
hi^r  rates.  Anything  extra  that  you  can  learn 
now  will  also  help  you  later. 


Otlier  NAVEDTRA  Publicatioas 


Some  additional  NAVEDTRA  publications 
that  you  may  find  useful  are  listedgand  described 
in  the  following  paragraphs.  In  addition,  y^ 
may  find  it  useftil^.to  corisult  the  training 
manuals  prepared  -  fcff  -other  -ratings  in' 
Occupational  Fields  3  anii  4  (Engineering  and 
Hull).  Reference -to  th^  training  manuals  v^ill 
add  to  your  knowledge  of  the  duties  of  others  in 
tfie  engineering  department 

Another  publication  you  will  find  of  value  is 
The  Metric  System.  (NAVEDTRA. 
475-01-00-75-1)  which  is  packaged  with  sT 
selfrstudy  course.  Over  the  next  few  years,  the 
metric  System  "^11  become  more  used  by-  the 
Navy  as  well  as  by  the  civilian  woiid.  You  will 
fmd  it  easy  to  wcffk  with  once  you  have 
inastercd  the  b^ic  terms.  It  will  be  difficult  to 
translate  values  from  our  pr^ent  system  to  the 
metric  system,  but  this  operation  will  become 
unnecessary  once  the  new  measurements  are 
totally  adopted.  See  your  Education  Services 
Officer  for  information  on  how  to  obtain  this 
study  package.  "       .  \ 

NAVSEA  PUBUCATIONS 

The  publications  issued  by  the  Naval  Sea 
Systems  C(»nmand  are  of  particular  importance 
to,  engineering  ckpartmcnt  personnel.  Alth<»;gh 
you  do  not  need  to  know  everything  in  these 
jMiblications,  ycHJ  should  haye'a  general  idea  of 
where  to  find  the  inforrfiation  contained  therein. 

Naval  Ships^  Technkd  Manual 

The  Naval  Ships"  Technical  Manual  is  the 
basic  engineering  4{^trine  ^blicatioji  of  the 
Naval  Sea  Systems  Comu^and-  The  manual  is 
kept  up-to-date  by  meaps  ofquarteiiy  changes. 
As  new  chapters  are  issued  they  a^re  being 
designated  by  a  new  quarter  numbering  system. 
.       ,;       .  /     .     .  ■  1     •  ■  ■ 

The  following  ichapters  of  the  Naval  Ships' 
Technical  Manual  are  of  particular  importance 
-^o  Enginemen;  both  the  new  and  old  number  for 
each  chapter  are  listed.  . 
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'  NEW 

078 
079(3) 

220 

220 

233 
241 
"244 

262  . 


OLD 

(9950) 

(9880, 

Sec.  JU) 

(9560. 

Vol  1) 

(9560; 

Vol  \l) 

(9412) 

(9420) 

(9431) 

(9450) 


CHAPTSR*^ 

Gaskets  and  Packing 
Ensineeiiag  Casualty  • 
j  Control 

Boiler  Water/Feed- 
water 

Water  Oiemistry  Test 

&  Treatment  '  < 
Diesel  Engines 
Reduction  CJeais  . 
Bearings 

Greases,  ind  I^-  ^ 
draulic  Fluids  and 
Lubricating  Systems 
Pumps 

Piping  Systems 
Ventilating,  Heating, 

Air  Conditioning ' 
Refrigeration'  Systems 
Distilling  Plants 
Fuel  CXI  Stowage 

&  Equipment 
(!!ompressed  Air 

Hants 
Hydjaulic  Equipment' 
Surface  Ship  St^^ring 

Systems 
Pollutksn  Control 


The  A/i4  VSEA  Journal  is  a  monthly 
pubUcatioiydiat  contains  inters  ting  and  useful 
articles  onj©!!  aspects  of  shipboard  engineering. 
This  magazine  is  particulariy  useful  because  it 
presents  information  that  supplements  and 
clarifies  information  contained  in  the  Naval 
Ships'  Techtikal  Manual.  It  is  '  also  of 
considerable  interest  txscause  it  presents 
Jaformation  on  -new  developments  in  naval 
engineering.  The  NA  VSEA  Joumgl  was  formerly 
known  as  the  Naval  Ship  Systems  Cdmmand 
Technkal  News. 

,  The  manufacturcrsV  technical  manual 
fumislKd  with  most  machinery  units  and  many 
items  of  equipment  ,  are  v^uable  sources  of 
information  on  construction,  c^ration, 
maintenance,  and  repair.  The  manufacturcre' 
technical  manuals  that  are  fumisl^d  with  most 


shipboard  engineering  equipment  are  given 
NAVSHIPS  numbers. 

■  .  ■■  ■  V      ,      -  •• 


.  503 

(9470) 

505  . 

'  (9480) 

510 

(9380) 

■  516 

(9590) 

531- 

(9580) 

54J 

(9550) 

^51 

(9490). 

;,556 

.(9210) 

562 

(9220) 

*  593  " 

(None) 

Drawings 


Some  of-  your  work  as  ah  Engineman 
_  reqifires  an  -ability  t6  read  «and  work,  from* 
mechanical  drawings.  You  will  find  information 
^on  hcAv  to  read  and  interpret  drawings  irf 

*  m&prm  f  RmMns  and  Sketching,  NAYEPTRA\ 

•  10077  (with  changes).  .     .  •  / 

In  addition  to  knowing  how  to  read 
drawings,  ycsj  ,  must  know  how  to  locate 
applicable  drawings.  For  some  purposes,  the 
drawings  included  in  the  manufacturers' 
technical  manuals  for  the  machinery  or 
equipment  may  give  you  the  infomiation  you 
need.  In  many  case§,  however,  you  will  fmd  it 
necessary  to  consult  the  onboard  drawings.  The 
onboard  drawings,  which  are  sometimes  referred 
to  as  ship's  plans  or  ship's  blueprints,  are  listed 
in  an  index,  called  the  ship  drawing  index  (SDl). 
The  SDI  lists  aU  working  drawings  yiat'  have  a 
NaVSHIPS  drawing,  number,  all  manufacturers* 
drawing  designated  as  certification  data  sheefs, 
equipment  drawing  lists,  and  assembly  drawings 
.  that  Ust  detail  drawings.  The  onboard  drawings 
are  idehtified  in  the  SDI  by  an  asterisk  (♦). 

Drawings  are  listed  in  numericid  order  m  the 
SDI.  Onboard  drawings  are  filed  according  to 
numerical  sequence.  There  are  two  types -  of 
numbering  systems  in  use  for  drawings  that  have 
N4VSEA  numbers.  The  older  system  is  an 
S-group  numbering  system.  The  newer  system, 
used  on  all  NAVSHIPS  drawings  since  IJanuary 
1 967,  is  a  c^olidated  index  numberi^ystem. 
A  cros^rcference  list  of  S-group  numbers  and 
consolidated  index  numbers  is  jpven  in  NAVSEA  " 
Consolidated  Index  of  Materials  and  Services 
Related  to  Construction  f  and  Conversion, 
'  NAVSEA  09O2-LP-0O2-2(to(r 


ENGINEERING  HANDBOOKS  , 

For  certain  types  of  information,  you  nlay 
need  to  cortsult  various  kinds  of  engineering 
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 _■-  ■  _  .     •   I     '       '  '  '  '■   I        "        : '      ' '"      ,  .  '  " 

■  ■  ■  y  ,    •  .  ■  ■     '  ,      ■ .         . ■       ■.  ■         ■,  '  '  .  • ; 

handbcwks-mech^kal  en^neering  haadboQ^  •  contain  ,  a  ©"eat  deal  ofj  technical  infonnation, 
marine  engineering-  handbdofl^  ;Piping  much  of  ifarranged  in  cttarts  or  tables.  To  make 
handbooks,  imchineiy  handbooks,^  and  other  the  best  use  of  engineering  handbooks,  use  tjic 
handbooks  tftat  provide '  detailed,  specialized  .  .table  of  contents  and /the  index  to  locate  the 
tedmicai  data.  Most  engineering  handbooks  '  informati(}n,yeti-necd/  :  "  . 


CHAPTER  2 


RECIPROCATING  INTERNAL-COMBUSTION  ENGINE 


The  engines  with  vi^ch  you  will  be  wqrlcUig 
convert  heat  energy  into  work  by  burning  fuel  In 
a  confined  chamber;  thus  the  term  INTEkNAL 
COMBUSTION.  Since  the  pistons  in  diesel  and 
gasoline  chgiiies  employ  a  back-and-forth 
motion,    they    are    also    classified  as 

engines.  The  occupational 
standards  for  advanccnient  in  your  rate  require 
you  <p  know  a  great  deal  about  engines  of  this 
type.  Some  ^  the  required  knowledge  was 
introduc«l  and>xplain^  in  the  training  manual 
Firemart,  NAVEDTRA  1052(>-E,  fThis  9hapter 
prdvide*  additional  infiwmation  to  help  you  in 
undentanding  the  differences  between  the 
varUnw  types  of  engines  abd  the  prindfc  by^ 
which  an  ciiginc  operates,  \ 


4. 


CVCtES  OF  QP^TIQN 


The  operation  of  an  otgo^e  involves  the 
admission  of  fuel  and  airAito  a  combustion 
iprfce  and  the  compre^n  and,  ignition  of  the 
charfc.  The  resulting  cpmbustion  releases  gases 
and  increase*  the  temt)crature  within  the  ^pacc. 
A$  temperature  increases,  pressure  increases  and 
forces  the  piston  t^move^/Xi»  movement  is 
tyantmitted  through  j^c&my  designed  parts  to  a 
shaft.  The  resulting  Atary  motion  of  the  sh^  is- 
„"«««^J?r  worki  thus,  lfc«t  eneoy  is  tiahsfoinied^ 
into  rotary  mechanical  enejjg^In  oider  forihe 
proc^  to  be  omtinuous,  the  expanded  gases 
must  be  lemovcd  from  the  combustion  space,  a 
new  chaige  must  be  admitt^,  and  «>mby«io|i 
must  b^  repeated. 

; .    In  the  proc^  of  engine  operation,  b^inning 
iwth  the  admission  of  air  and  fuel  and  foUowiM  , 
.through  to  thcTcmoval  of  the  expanded  gases,  a 
tBries  of  events  or  phases  take  ^cc.  The  terai 


Tablf  2-1.-TMt  EvMiii  of  Ih^r  g«^i«iot  in  a  Cycle  of 
i  OfMrttlon 


/     DIESEL  E1«3INE 

GASOLINE  ENGINE 

,  Intake  (rf  air .  ....  .  _.  . 

Compreaalon  of  air  . ..  . 

Injection  of  fuel  ..... 

Ignition  and  combuati^h 
ofehwge  ......... 

Expanaioli  of  ga«ea'.  .  . 

Removal  of  waate  .  .  .  , 

U-i  _  

Intake  of  fuel  and  air 

Compression  of  fuel* 

air  mixture  ■% 

~~    ■  ■   ■  \  ' 

■    ,  ■  ■}  : 

Ignition  and  combus- 
tion of  charge 

Expansion  of  gases 

HemovaX  of  waste 

"cycle"  identifies  the  sequence  of  events  that 
takes  place  in  tije  cylinder  of  an  engiiw  for  each 

vPower  impulse  trarisniittcd  to  the  ctankshaft. 
^These  events  always  occur  in  the  same  order 
each  tipie  the  cycle  is  repeated.  The  number  of 
events  occurring  in  -a  cycle  of  opeiition  depends 
upon  whether  the  engine  is  diesel  w  gasoline. 

-^Table  2-1  shows  the  events  and  thdrsequencc  in 
One  cycte  gf  operation  of  each  of  these  types  of 
engines. 

The  principal  difference,  as  shown  in  the 
table,  in  the  cycles  of  operation  for  diesel  and 
gawUnc  engines  invohws  the  admission  of  ftiel 
*nd  air  to  the  cylinder.  Whifc  this  takes  place  as 
one  event  in  a  gasoline  engine,  it  involves  two 
event!  in  a  di^  engine.  Thu^  insofar  at  events 
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are  concerned,  there  are  six  main  events  taking 
place  in  the  diesel  engine's  cycle  ,of  operation  ' 
and  five  in  the  WsoUne  -engine's  cycle.  We  - 1 
emphasize  the  huSiber  of  events  which  *kake 
place  because  they  aye  not  identical  to  the 
number  of  piston  strokes  which  occur  during  a 
cycle-Qf  operation.  Even  though  the  event§  of  a. 
cycle  are  cTosely  related  to  piston  position  and 
movement,  ALL  of  the  events  Will  take  place 
during  a  cycle  regardless  of  the  number  of  piston  . 
strokes    involved.    We   shall  ,  discuss  the 
relationship  of  events  and  piston  strokes  later  in 
this  chapter.  «  '  - 

From  the  precediiig  discussion,  it  is  apparent 
that  a  cycle  of  operation  in  either  a  diesel  or  . 
gasoline  engine  involves  two  basic  factors-heat " 
and    mechanics.    Any    explanation   of  the 
relationship  of  heat  to  the  motion  of  the  engine 
parts- that  is,  the  means  by  which  heat  energy  is 
transformed  into  mechanical  energy -involves  ■  ' 
many  terras  such  as  matter,  molecule,  ener;^', 
heat,  temperature,  the  mechanicaT  equivalent  of 
heat,  force,  pressure,  volume,  work,  and  power.  . 
(If  yott  need  to  review  these  terms,  see  the 
appropriate  sections  in  Fireman,  NAVEDTRA 
1 0  520-E   ^d    Basic   Macmnes,  NAVPERS. 
10624rA.) 

The  liKchanics  of  engine  operation,  is 
referred  to  as  the  lilECHANICAL,  or  operating, 
CYCLE  of  an  engine,  while  the  he^t  process 
which  produces  the  forces  that  move  engine 
parts  is  referred  to  as  the  COMBUSTION 
CYCLE.  A  cycle  of  each  type  is  included  in  a 
cycle  oV  engine  operation.  .  . 

MECHANICAL  CYCLES 

We  have  talked  about  the  events  taking  pfiice 
im  a  cycle  of  engine  operation  but  have  said 
"nothing  about  piston  strokes  except  that  a 
complete  sequence  of  events  will  occur  during  a  ^ 
cycle  regardless  of  the  number  of  strokes,  made  - 
by  the  piston.  The  number  of  piston  strokes 
occurring  during  any  'one  cycle  of  events  is 
limited  to  either  two  or  four,  depending  on  the 
design  of  the  engine.  Thus,  y/e  have  a  4-stroke 
cycle  and  a  2-strokc  cycle.  These  cycles  are 
Imown  as  the  mechanical  cycles  of  operation. 


From  ybur  study  of  Fireman  ,  NAVEDTRA 
•10520-E,  ycm  s  will  recall  that  the  terms 
"4-stroke"  and  **2-stroke"  identify  the  nuhiber 
of  strokes  the  piston  makes  during  a  cycle  of 
events;  also,  that  both  types  of  mechanical 
.cydes  are  used  in  both  types  of  reciprocating, 
engines.  However,  qiost  gasoline  engines  in  Navy 
service  operate  <5n  the  4-stroke  cycle,  and  a 
greater  number  of  diesels  operate  on  the 
2-strokc  than  on  the  .4rstroke  cycle.  Since  you 
may  be  required  to  operate  and  maintain  engines 
operating  on  eitiKX  of  the  mechanical  cycles, 
you  should  be  Tamiliar  with  the  principal 
differences  in  'these  cycles.  Th*  relationship, 
between  ihi  events  and  piston  strokes  occurring 
in  a  cycle  of  operation  involves  some  of  these 
differences.  .A  thorough  understanding  of  the 
relationship  will  aid  you  in  carrying  out  your 
duties  in  cormection  with  engine  operation  and 
maintenance.  . 


\ 

Relationship  of 
Events  and  Strokes 
inaCycte 


A  piston  stroke  is  the  distance  a  piston 
movfes  between  limits  of  travel.  The  cycle  jof' 
operation  in  an^engine  operating  on  the  4-str6ke 
.cycle  invokes  Ifout  piston  strokes— INTAKE, 
COMPRESSION,  POWER,  and  .EXHXUST.  In 
the  2-stroke  cycle,  only  two  str((kes  are 
involved  -POWER  -and  COMPRESSIOI 

♦  . 

In  figure  2-1  (foldout  at  the  end  of  this 
chapter),  the  strokes  are  named  to  correspond  to 
the  events.  However,  since  six  events  are  listed 
fof  diesel  engines,  it  is  evident  that  more  than 
one.  event  stakes  place  during  some  of  the 
strokes,  especially  in  the  2-stroke:cycle,  Even  so, 
it  is.comraon  practice  to  identify  some  of  the 
events  a$  strokes  of  the  piston  because  such 
events  as  intake,  compre^on,  power,  and 
exhaust  in  a  4-stroJ6e  cycle  involve  at  least  a 
major  portion  of  a  stroke*  awl,  in  some  cases, 
more  than  one  stroke.  The  same  is  true  of  power 
and  compression  ev»its  and  strokes  ift  a  2-stroke 
cycle.  Such  association  of  events  and  strokes 
overlooks  other  events  ,  taking  place  during  a 
cycle  of  operation.  The  oversight  sometime 
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leads  to  confusion  when  one  studies  the 
operation  of  an  engine  or  ^  deals  with\ 
raaptcnance  problems  involving  the  timing  of 
ignitioii  systems  of  .fuel  iiycction  systems. 

•4'Stroke  Cydc  .  -  . 

To  help  you  understand  the  relationship 
"between  events  and  strokes  we  shall  discuss  the 
hurnber  of  events  that  occur  during  a.  specific 
stroke,  the  duratiori  of  an  cyent  with  respect  to 
a  piston  stroke,  and  the  cas^  whpre  one  event 
overlaps  another.  The  relationship  of  events  to 
strokes  can  be  demonstrated  best  by  showing 
the  changing  situation  in  a  cylinder  during  a 
Qfcle  of  opgration.  Figure  2-1  illustrates  these 
*  changes  for  a  4-stroke  cycle  diesel  engine. 

The  relationship  of  events  to  strokes  is  more 
readily  understood,  if  the  movements  of  a  pistcja., 
and  its  crankshaft  are  considered  Tiret.  Figure 
2-1 A  shows  the  redpr<xating  motion  and  stroke 
of  a  piston  and  the  rotary  motion  of  the  crank 
during  two  phtm  strokes.  The  positions  of  the 
IMSton  and  crank  at  the  StarBand  end  of  a  stroke 
are  marked  "top"  and  "bottom,"  respectively.  ' 

> 

If  these   positions  and  movements  ■  are 
marked  on  a  drcle  (fig.  2- IB),  the  piston'- 
position,  when  at  the  top  of  a  stroke,  is  located/ 
at  the  top  of  the  drcle.  Wien  tlje  pistort  is  at  the^, 
bottom  of  a  stroke,  the  piston  position  is^* 
located  at  the  bottom  center  of  the  circle. 

Note  m^arts  A  and  Q  of  figure  2-1  that  top 
center  and  bottom  center  identify  points  where 
changes  in  direction  of  motion  kke  place.  In 
other  words,  when  the  piston  .is  ^t  top  center, 
upward  moticm  .has  stopped  and  downward 
motion,  is  ifiady  to  start  or,  with  respect  to 
motion,  the  piston  is  "dead."  The  points  which 
designate  changes  in  directioh  of  motion  for  a 
piston  and  crank  are  frequently  called  TOP 
PEAD  CENTER  (TDC)  and  BOTTOM  DEAD 
CENTER  (BDC). 

The  drde  illustrated  in  part  of  figure  2- 1 
is  broken  at  various  points  and  "spread  out"  to 
create  part  C  of  the  figure.  In  studying  figure 


2-1 C,  you  should'  keep  TDC  and  BDC  in  mind 
since  they  identify  the  start  and  end  of  a 
STROKE' and  since  they  are  the  points  from 
which  the  start  and.  end  of  EVENTS-- arc 
established.  .  . 

By  following  the  strokes  ^  events  as 
illustrated,  you  can  see  that  the  intake  event 
starts'  before  TDC,  or  before  the  actual  cfown 
stroke  (intake)  starts,  and  continues  on  past 
BDC,  or  beyond  the  end  of  the  shoke.  The 
compression  event  starts  when  the  intake  event 
ends,  but  the  upstroke  (compressipn).  has  t^m 
in  prbcess  smce  BDC.  The  injection  and  igi^tion 
events  overlap  with  the  latter  part  of.  the 
compression  event,  which  ends  at  TPC,  The 
burning  of  the  fuel  continues  a  few  dejgrees  past 
TDC.  The  power  event  or  expansion  of  gases 
ends  several  degrees  before  the  down  (power) 
stro3|&  ends  at vBDC.  Tlw  exhaust  event  starts 
wfien  the  power  event  "ends  and  continues 
through  the  complete  upstroke  (exhaust)  and 
past  TDC,  Note  the  overlap  of  the  exhaust  event 
With  the  intake  event  of  the  next  cycle.  The 
details  on  why  certain  evnts  overiap  and  why 
some  events  are  shorter  or  bn^r  with  respect  to 
strokes  will  -bj?  given  later  in  this  manual. 

From  the  preceding  discussion,  you  should 
understand  why  the  ttnn  "stroke"  is  somettmw 
used  to  identify  an  event  which  occurs  in  acycle 
of  operation.  However,  it  is  best  to  keep  in  mind 
that  a  stroke  invoh^es  180**  of  crankshaft 
rotation  (or  piston  movement  between  dead 
centers),  while  the  corresponding  event  may 
take  place  during  a  greater  or  lesser  number  of 
degrees  of  shaft  rotation. 

«  ■ 

2^troke  Cycle 
Dies^EngiTO 


The^'relatiohship  of  events  to  strokes  in  a 
2-stroke  cycle  diesel  .  engine  is  shown  in  figm-e 
2-2  (foldoiit  at  the  end  of  this  chapter). 
Comparison  of  figures  2-1  and  2-2  newals  a 
number  of  differences  between  the  two  types  of 
mechanical  or  operating  cycles.  These 
differences  are  not  too  difficult  to  understand  if 
you  remember  that  four  pistoastrokes  and  120° 
(180°  per^  stroke)  of  crankshaft  rbtati<Hi  are 
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involved  iji  the  4-&troke  cycle,  while  only  half  as 
many  strokes  andjdegrtfes  are  inyotved  in  a 
2-strokc  cycle.  One  special. ,  reqi^arement  of 
2-st^oke  cycle  engines  is  that  the  air  charge  for 
the  cylinder  must  be  forced  into-l^uj-^ji**^^ 
some  way.  A  4-str6ke 
chax^ged   by^^^fiwic^lienc^^^  but  the 

incQjiar^  v*tf  to^a*4-stro  engine  must 

displace  tho  combustion  ^ases  which  remain  in 
the  cylinder.  Small  2-stToke  cycle  gasoline 
engines  use  _pressure  developed  in  the  crankcase 
by  the  descending  piston  to  fqrce  air  into  the , 

-cylinder.  Diesel  engines  use  an  extefnal  blower 
or  supercharger  to  perform  this  function.  The 
incoming  air  replaces  or  scavengfes  the- 
combustion  gases  from  the  cylinder.  Reference 
to  the  cross-sectional  illilstrations  (the  five  • 
inserts  in  fig.  2-2)j*vjil  help  you  to  associate  the 
event  with  the  relative  position  of  the  piston. 
Even  though  the  two  piston  strokes  are 
"frjequently  referred  to  as  power  and 
compression,  they  are  identified  as  the  "down 
stroke"  (TDC-to  BDC)  and  "uiJ  stroke"  (BDC  to 
TDC)  in  this  discussion  in  order  to  avoid 

,  confusion  when  referenbe  is  made  to  an  event 

Starting  with  the  _  admission  J  of  air,  or 
scavenging  eyentV  (1)  in  the  circle  in  figure  2-2, 
the  piston  is  in  the  lower  half  of  the  down 
stroke  and  the  exhaust  event  <6)  is  m  process. 
The  exiiaust  event  started  a  number  of  degrees 
before  scavenging,  both  (exhaust  and 
scavenging)  starting  several  degrees  before  the 
piston  readied  BDC.  The  overlap  of  these  events 
permits  the  incoming  air  (1 )  to  dear  the  cylinder 
of  exhaust  gases.  Note  that  the  exhaust  event 
stops  a  few  ^egr€^s  before  the  intake  event 
stops,  but  several  degrees,  after  the  upstroke  of 
the  piston  has  started.  (TT^e  exhaust  event  in 
some  otiier'  2-stroke  cycle  diesel  engines  ends  a 
few  degrees  after  the  intake  event  ends.)  When 
the  scavenging  «vent  ends,  the  cylinder  is 
chared  with  the  air  which  is  to  be  compressed. 
The  compr6ssibh  event  (2)  takes  place  during 
the  major  portion  of  thebpstroke. 

The  iitjection  event  and  ignition  <3)  and 
cottibustioJrt  (4)  occur  during  the  latter  part  of 
-  the  upstroke.  (The  point  at  which  injection  ends 
varies  with  engines.  In  some  engines,  -it  ends 
before  TDC;  in  others,  a  few  degrees  after  TDC.) 


jtThe    inteh^.^J^at  '  g©|irated    during  the,, 
compres«pn£ribf '^e  ^^:ij^nltes  tlic  fuel-air 
rmxiuie"  "^^d  pressure*'  resulting  from 

i-^^pobustitm  forcesthe  piston  down."  ' 

The  expanjftOh  45)  of  „  the  gase^ continues 
/through  a  m^or  portion  of  the  down  stroke. 
After  the  force  of  the  gases  has  been  expended, 
the  exhaust  valve  opens  (6)  and  permits  the 
burned  gases  to  enter  the  exhaust  manifold.  As 
the  piston  moves  downward,  tfie  intake  ports  are 
uncovered  (I)  and  the  incoming  air- clears  the 
cyUniier  of  the.  remaining  exhaust  gases  and  fills 
the  cylinder  with  a  fresh  air  ch^e  (1);  thus,  the 
cycle  of  operation  has  started  ag£un. 

Now,  what  is  the  difference  between  the  2- 
and  4-stroke-  cycles?  From  the  standpoint  of  the 
"mechanics  of  operation,  the  principal  difference 
is  the  number  of  piston  strokes  taking  place 
during  the  cycle  of  events.  A  mai»  significant 
afference  is  that  a  2-stroke  cyd^ngine  delivers 
twice  as  many  power  impulses  to  the  crankshaft 
for  every  720°  of  shaft  rotation^^e  fig' 2-3.) 

TTie  illustrations  we  have  u^d  to  represent 
the  cycles  of  operation  are  for  demonstration 
purpo^  only.  The  exact  number  of.  degrees 
before  or  after  TDC  or  BDC  at  vrfiich  an  event 
stai^ts^ and  end^  wiUmry  among  engines.  You  can 
find  informatioif^  on  "  such  details  °  in  the 
appropriate  technical  ntanuais  dealing  with  the 
specific  engine  in  questioI§  .  . 

Gasoline  Engines 

Diagrams  showmg  the  mechanical  cycles  df 
operation  in  gasoline  engines  would  Jk; 
somewhat  similar  to, those  described  for  diesd 
©tigii>es,  except^  that  there  would  be  one  less 
event  taking  place  during  the  gasoline  engine 
cyde.  Since  air  -and  fuel  are  admitted  to  the 
cylinder  of  a  gasoline  engine  as  a  mixture  during 
tiie  intake  event,  the  injection  event  does  not 
apply.  i 

COMBUSTION  CYCLES  .. 

•  4 

To  this  point,  we  -have  given  greater 
consideration  to  the  stroke  of  a  piston  arid, the 
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■related  events  taking  place  during  a  cyck  of 
operation  than  »w  have  to  'the  heat  process 
involved  in  the  cycle.  However,  the  mechanics  of 
engine  operation ''cannot  be  disci^s&ed  without 
dealing  withV  heat.  Such  tentis  as  ignition, 
coinbustiqji,  and  expansion  of  gases  indicate 
that  heat  is  essential  to,  a  cycle  of  engine 
opei^ion.  So  far,  the  only  difference  we  have 
.pointed  out  between  diesel  and  gasoline  engines 
is  in  the  number  of  events  occurring  during  the 
qydc'of  operation.  We  have  told  you  that  either 
Jhe  :2-;or  ti^:^trQkexy)Cle  rnay  apply  to  fctoth  a 
dic«el  and  a  gasoline  engine.  Then,  one  trf  the 
iwindpal  differences  between  these  types  of 
engine*  nwst  involve  the  heat  process  used  to 
produce  the  forces  which  make '  the  ehgiiiSe 
operate.  The  heat  processes  are  sometimes  called 
coiQbu&tion  or  heat  cycles. 

The  two  mast  common  comhdstion  cyd«» 
associated    with,  reciprocating 


,  ■  ^ 

internal-combustion  engines  are  the  OTTO  cycle 
(gasoline  engines)  and  the' DIESEL  cycle  (diesel 
engines);  ..:-<■.'' 

■    '     '  ■  ■ 

•Ihialking  about  combustion  cycles,  welning 
•lip  another  ■  miportant  difference  between 
gasoline  and  diesel  engines^OMPRESSION 
PRESSURE,  which  is  directly  related  to  the 
combustion  ^rpoe^  in  an  engine.  Diesel  ^engines 
have  a  much  Jiigher  compression-  pressure  than 
gasohne  engmes.  The  higher  compression 
pressure  In  diesels  explains  the  difference  in  the 
methods  of  ignition  used  in  gasdlint  and  djesel 
engines. 


Methods  of  Ignition 


When  the  gases  within^  a  cylinder  are 
compressed,  "the  teinperature  of  the  confined 
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gases  rise^;  tl^  grater  the  (X}mpres£i6n,  the  , 
higher  the  temperature.  In  a  gasoline  engineTt^ 
'  compression  temperature  is  always,  lower  thair 
th#  point  jat  whidi,  the'  fuel  will  ignite 
spontaneouslyrThus,^the  h^t  required  to  ignite, 
the  fuel  must  c^me  from  an  external 
source-SPARK  IGNITION.  On  the  other  hand, 
the  compibssibn  temperature  in  a  cjUesel  engine  is 
far  above  the  ignition  poii^  of  the  fuel  oil; 
therefgre,  ignition  takes  place  as  a  resul^  of  heat 
generated  by  -compitssicun  of  the  air  within,  the 
cylindcr-COMPRESSION  IGNITION. 


'  The  differehce- in  the  methods  of  ignition 
ih4icates  that  there  is  a  bask  differentie  in  the 
a>mbustion  cycles  upon  which  diesel  and 
gasoline  engines  operate.  The  difference  involves 
the  behavior  of  the  combustion  gases  under 
varyingyConditions  of  pressure,  temperature,  and 
volume.  Since  this  is.  so,  you  shoiild  be  familiar 
with  the  relationship /^of  these  factors  before 
considering  th^  cojnbustiqn  cydes  indivi4uail^. 
(The  basic  laws,  and  ^  processes  involved  in  a 
volume,  temperature,  and  pie^ure  relationship 
are  4isclissed  under  the  properties  of  gases  in 
Fireman,  NAVEDTftA  10S20rE.) 

.;         ■•  •  ;       .  ' 

RELATIONSHIP  OF  TEMPERAtiJRE, 
PRESSyRE,  AND.  VOLUME.-The 
relationship  of^  temperature,,  pressure,^  and  ■ 
volume  as  found  in  an  engine  can  be  illustrated 
by  describing  what  takes  place  a  cylinder 
fitted  with  a  bciprocaVing  piston.  Follow  figure 
2-4' '(parts.  A  through  D)  as  we  demonstrate. 
Note  the  instruments  that  indicate  the  pressure^ 
within  the  cylinder  'andT  the  temperature  tjoth 
infide  and  outride  the  cylinder.  In  part  A  the 
air  in  the  cylmer  is  at  atmospherie  pressure  and 
the  t^pbratures,  inside  and  outside  the* 
cylinde^  ar?  approximately  ^O^'f^v  .     '  ' 


Whei 


and  both  pres»u%  a&d  temperature  are  much 
'  greate/ than  at  the  be^nning  of  compression. 
Note  thk't  pressure  has  gone  from  0  to  470  psi 
and  temperature;  has  increased^  from  70°  F  to 
ajvproximately  ^  1,000°  F.  These  changing 
conditions  indicate  that  mechanical. energy,^ 
the  form  of  force  -applied,  to  the  piston,  has  been 
-  transformed  into  heat  enei^  in  .the  compressed 
air.  The  terapeifature  of  the  air  has  been  raised 
sufficiently  to  cause  ignition  of  fuel  iixjected 
into  the  cyHndir^^ 

^  Furthjer  cfii^ge^t  UkSi  place  after  ignition. 
Since"  ignition  occurs  shortjy  before  TDC,  there 

,  is  little  change  in  volume  until  the  piston  passes 
TDC.  However,  4here' is  a  sharp  increase  in  both 
pressure  and  temperature  shortly  sdttT  ignition 
takes  place.^  The -increased  pressure  forces  the 
piston  do^ward.  As  the  piston  moves 
dov^ward,  t%  gases  expand  (increase  in 
voiume),  Und  pjressure  and  lemperature  decrease 

V  rapidly.  Tlie  changes  in  volume,  procure,,  and 
temperature,  vyhich  we  have  just  descritfed  'and 
ill^trated,  are  representative,  of  the  changmg 
conditions  in  the  cylinder  of  a  modem  diesel 

.  -engine;  ^      I    -  • 


A  gasoline  J  engine,  on  the  other  liand,  needs 
a  Tower  compression  ratio  and  lojver  combustion 
chamber  temperatures.  The  reason  for  -this,  is 
that  tl^  l^at  of .  compression  of  a  dieisel  engine 
would  ignite  a  gasoline  and  air  mixture  before 
the  piston  canae/  near  it{i  top  of  its  stroke.  This 
pre-^nition  Woidd  tend  to  drive  the  piston  back 
down  the  bore  ami  place  an  excessive  anid 
damaging  str^n  on  the  ^pgine.  As  a  rule, 
gasoline  engiiies  use'compre^on  ratios  under 
10:1,  and  it  is  the  electric  spark  from  the  plug 
that  ^uses  cbmbustion  to  occur  at  the  proper 


/ 


time. 


the  cylinder  is  an  airtight  container,  as 
it^  in/6ur  example,  if  a  force  pushes  the  piston 
towam  tki  top  of  the  cylinder,  the  entrapped  ^  i 
c^oyge^  compressed.  In  parts  B  and  C,  as  the  J 
/c<3mpressi(m  progresses,  the  VOLUME  of  the  air 
DECREASES.  ,the  i»RESSURE  INCREASES, 
and  the  TEMPERATURE  RISES.  These 
changing  conditions  continue  as .  the  piston 
moves.  When  the  piston  ncars  TDC  in  part  D, 
there :  has  been  a  masked  decrease  in  volume, 


The  changes  in  volumV  and, pressure  in  an 
engine  cyiindier  can  be  illu|trated  by  diagrams 
similar  to  those  ^own  in  ^  figure  2-5.  Such 
diagrams  a^  I  m^e  by  devils  which  measure 
and  record  the*  presaues'  at  various  piston 
positions  during  a  'cycle  of  engine  operation. 
Diagrams  ^a|t  show  the  relation^p  between 
pressures  and  lcon^sponding  piston  positions  sire 
called  PRESSUP'VOLUME  DL^GRAMS  or 
INDICATOR  CARDS. 
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On   diagrams   that   provide    a  graphic, 
ftpitsentatioo  of  cylinder  pressure  as  related  to 
yc^um,  the  vertical  line  P  on  the  djagranv<fi«.  ^ 
2-5)  represents  preisure  and  the  harizontal  line 
V  i«|).refcats  vpliune.  When  a  diagram  is  used  as 


.an  indicator  card;  the  pressure  line  is  marked  off 
in  inches.  Thus,  the  volume  line  can  be  ttsed  to 
show  the  length  of  the  piston  stroke  that  is 
proportional  to  volume.  The  distance  between 
adjacent  letters  oh  each  of  the  diagrams  (fig. 
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OtEtEL  CYCU 
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2-5)  represents  an  event  of  a  combustion 
cycle-that  is,  coraprcssitisi  of  air,  burning  of  the 
ch^e,  expaimon  df  ga^es,  and  remo^  of  s»s&^ 

The  diagrams  shown  in  figure  2-5  provide  a 
means  by  which  the  otto  aad  diesel  combustion 
cycles  can  be  compaitd.  Referring  to  the 
diagrattis  while  stiidying  the  following  discussion 
of  these  combustion  cycles  will  help  you 
identify  the  principal  differences  between  the 
cycles.  The  diagrams  shown  are  theoretical 
^pressure-volume  diaj^^s.  JWagrams  representing 
cbnditipns  in  opo^ting  engines  are  given  later. 


Otto  (Omstint- 
VolUoie)  Cyde 


In  theory,  the  otto  combustion  cyde  is  one 
in  whiph  combustion,  induced  by  ^ark^gnition, 
occurs  at  conj^t  volume.  The  otto  oyde  and 
its  principles  i^e  as  the  basis  for  modem 
gasoline  ex^puK  design.        ^  ■ 

In  the  otto  cycle  (fig  2-5)  compression  Of 
tlw  charge  in  the  cylinder  occurs  at  line  AB: 
Spark  ignition  occurs  at  %  aiidi  4uc  Xo  4ie 
volatility  of  the  mixture,  combustion  practically 
amounts  to  in  txplosion.  Qombi^tion, 
represented  by  line  BC,  o<jcurs  (theoretically) 
just  'as  Uy:  piston  reaches '^TDC.  During 
ccanbustion,  there  is  no  piston  travel;  thus, 
there  is  no  change- in  the  volume  of  the  gas  in 
th^e  cylinder/  This  accounts  for  the  descriptive 
terra,  COHSTANT  VOLUME.  During 
combustion,  there  is  a  rapid  rise  in  temperature 


followed  by  a  pressure  ina*ease  whic^  performs 
the  jvork  during  the  expansion  phase, 
represented  by  line  CD.  The  removal  of  gases, 
represented  by  line  DA,  is  at  constant  volume,. 

Huofctical  Piesel 
(Constaat-|^«ssure)  Cyd^ 

.  When  discussing  diesel  engines,  we  miist 
point  (Hit  that  there  is.  a  difference  between  the 
theoretical,  or  "true,"  diesel  cycle  and  the 
"actual**  diesel  cycle^  .\yhich  really  occurs  in  an 
operating  diesel  engine. 

#      .  ■ 

.  TTie  tme  diesel  cycle  may  be  defined  as  one 
in  which  combustion,  induced  by  compression 
ignition,  theoretically'  occurs  at  a  constant 
pressure.  (S^  fig.  2-5.)  Compressiq|i  (line  AS) 
of  the  air  increases  its  temperature  to  a  point 
that  ignition  occurs  automatically  w^en  the  fuel 
is  injected.  Fuel  injection  and  comlHistion  are 
controlled  to  give  constant-pr^sure  combustion 
(Une  BC).  This*  is  followed  by  expajiaon  (line 
CD)  and  constant-volume  rejection^  pflHe  gases 
(line  DA-)  -  f 

In  the  true  diesel  cycle,  the  burning  of  the 
mixture  of  fuel  and  compressed  air  is  a  relatively 
slow  process  v^hen  <fompared  with  the  quick, 
explosive-type  combiistion  process  of  the  otto 
cycle.  The  ityected  fuel  penetrates  the 
compress^i  air,  some  of  the  fuel  ignites,  then 
the  rest  of  the  charge  bums.  The  expansion  of 
the  gases  keeps  pace  with  the  change  in  voluipe 
caused  by  piston  travel;  thus  combustion  is  said 
to  occur  at  CONSTANT  PRESSURE  (Une  BC). 

,  Actual  Ci^al^u^ioii' 
Cycks  ' 

The  preceding  disaission  covered/  the 
theoreticai;(true)  combustktn  cycle&  whichserva 
as  the  bas^^  for  modern  engines.  In  actual 
operation,  'modern  engines  operate  on 
modifications  of  the  tteoreticia  Cycles. 
However,  some  characteristics  of  the  tru^  cyd.^ 
are  incorporated  in  the  actual  cycles  of  rnodero 
engines,  as  you  vriU  see  in  the  following 
disctission  of  examph^  representing  the  actual 
cyi^es  of  operatioQ  in .  gasoline  .  and  diesel 
engines.  .  " 
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The'  examples  we  will  use  are  based  on  the 
4-stroke  mechanical  cycle  (the'  majority,  of 
gasoline  engines -use  this  tyi»  cyck)  so  thkt  you 
may  compare  the  cycles  found  in  both  gasoline 
and  diesel  engines.  We  will  also  point  out 
differehces-existirig^  in  diescj  eiiigines  t^ratin^ 
on  the  2-strQke  cycle.  •  . 

The  diagrams  in  figures  2-6  and  2-7  are 
'  representative  of  the  changing -conditions  in  a 
*  cylinder  during  engine  operation.  Some  of  the 

^ents  are  exaggerated  to  show  more  clearly  the  . 

change  that  takes  place  and,  at  the  same  timi,  to 

show  how  ths  theoretical-  and  actual  cycles 

differ^^ 

<The  compression  ratio  situation  and  a 
pressure-volume  diagram  for  a  4"Strote  otto 
cycle  are  shown  in  figure  2-6.  Part  A  shows  the 
piston  on  BDC  at  the  start  of  an  upstroke,  (hi  a 
4-stroke  cycle  . engine,  this  stroke  could  be  either 
that  identified  as  the  compression  stroke  or  the  . 
exhaust  stroke.)  Notice  that  in  moving  from 
BDC  to  TDC  (part  B)  the  piston  traveh  5/6  of 
the  total  distance  ab.  In  gther  wfirds,  the 
VOLUME.! has  been  decreased  to  1/6  of  the 
volume  when  the.  piston  was  at  BDC.  Thus,  thfc 
compression  ratio  is  6  to  1 .  ^ 

Part  C  shows. the  changes  in  volume  and 
pressure  during  one  complete  4-stroke  cycle. 
Note  that  the  lines  representing  the  combustion 
and  exhaust'phases  are  not  straight  as  they  were 
in  the  theoretical  di^^gram.  As  in  the  diagram  of 
the  theoretical  cycle,  the  vertical  line  at  the  left 
represents  cyiinderijjress^e  in  psi.  Atmospheric 
pressure  is  represented  by  a  horizontal  line 
called  the  ATMOSPHERIC  PRESSURE  LINE. 
Pressures  below  this  line  are  less  than  ■ 
^atmospheric  pressures,  while  pressures  above  the 
liiie  are  ttio^e  than  atmospheric.  The  tK)ttom. 
4iorizontal  line  represents  cylinder  volume  and 
piston  movement.  The  voiume  line  is  diyidwl 
into  ^  parts  which  correspond  to  the  .  divisions  ^ 
■of  volume  shown  in  part  A.  Since  piston  ' 
movement  and  volume  are  proportional,  the 
distaQce  betwmi  0  and  .6  indicates  the  volume 
/  when  the  piston  is  at  BDC,  and  the  distance 
from  .O  to  1  indicates  the  volume  with  the  piston ' 
at  TDC.  Thus,  the  distance  from  1  to  6 
OMTesponds  to  total  piston  travel  wjith  the 
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numbers  in  betw^n  identifying  changes  in 
volume  which  result  from  the  reciprocating 
motion  of  th?  piston.  The  curv«i  lines  of  part  C 
(fig.  2-6)  represent  the  changes  of  both  pressure 
ami  volume  which  take  place  during  the  four 
piston  strojies  of  the  cycle. 

,    '  «  ■ 

■To  make,  it  easier  for  you  to  compare  the 
discussion  on  the  relationship  of  strokes  and 
events  in  the  diesel  4-strbkc  cycle  (fig.  2-1)  with 
the  discussion  on  the  otto  4-stroke  cycle  (fig. 
2-6X  we  will  begin  the  cycle  x>f  operation  at  the 
intake.  In  the  otto  cycle,  the  intake  event 
includes  the  admi^on  of  fuel  and  air.  As 
indicateifi  earlier,  the  intake  event  starts  before 
TDC,  or./at  point  a  in  part  X  of  figure  2-6.  Note 
that  pressure,  is  decreasing  and  tliat  after  the 
piston  reaches  TDC  and  starts  down,  a  vacuum  is 
created  which  facilitates  the  flow  of  the  fuel-air 
mixture,  into  the  cylinder.  The  intake  event 
continiKS  a  few  degrees  past  BDC  ending  at 
"point  b.  Since  the  piston  is  now  on  an  opstroke, 
compression  takes  place  and  continues  until  the 
piston  reaches  TDC.  Note  the  increase  in 
pressure  (Xcto  X')  and  the  (tectease  in  volume 
1^  to  X).  Spark  ignition  at  c  starts  combustion 
which  taldes  place  very  rapidly.  There  is  some 
change  in  volume  since  the  phase  starts  before 
TDC  and  ends  after  TDC. 

Pressure  increases  sharply  during*  the 
combustion  phase  (curve  cd).  Thia  increase  in 
pressure  provides  the  force  necessary  to  drive 
the  piston  down  again.  Hie  gases  continue  to 
expand  as  the  piston  iqipves  toward  BDC,  and" 
the  pressure  decreases  a^  the  vdume  increases, 
from  d  to  e.  The  exhaust  event  starts  at  e,  a  few 
degrees  before  BDC,-*  and  the  pressure  drops 
rapidly  until  the  piston  reaches  BDC.  As  the 
piston  moves  toward  TDC,  there  is  a  slight  drop 
in  pressure  as  the  waste  gases  are  discharged.  The 
exhaust  event-  continues  a  few-degrcK  past  TDC 
to  point  g  so  that  the  incoming  chaige  aids  in 
removing  the  remaining  waste  gases. 
■  ■  ■     ..-  ■■ 

The  ACTUAL  DIESEL  COMBUST|0N 
CYCLE  is  dne  in  which  the  combustion  phase, 
induct  by  compression  ignition,  begins  on  a 
constant-volume  basis\  and  ends  on  a 
constant-pressure  basis.  In  other  words',  the 
actual  cycle  is  a  cpmbination  of  features  found 
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*  ,  ■  .  .  '  ■ 
in  both  the  otto  and  theoretical  djesel  cycles. 
The  actual  cycle  is  used  as  the  basis  for  the 
design  of  practically  all  modem  diesel  engines 

•  and  is  referred  to  as-a  modified  diesd  cycle. 

An  exaraplj  of  a  pressure-volome  diagram 
for  a  unodificd  4-stroke  diesel  engine  is  shown  in 
figure  2-7,  Note  that  the  volume  line  is  "divided 
into  16>nits;  indicating  a  16  to  1  compression 

 TJw  higher  compression  ratio  acrounts  for 

the  ihcreased  temperature  hefccsary  to  ignite  the 
diarge.  Fuel  is  injected  at ;  point  c  and 
combustion  is  represented  by  line  cd  .  While 
comhustion'  in  the  otto  cycle  ^  at 
constant-yolum^  practically  throughout  the 
pha^t  combimion  in.  the  actual  diesel  cycle' 
takes  place  With  volume  practically  constant  for 
a  short  time,  during  which  period  there  is  a 
sharp  increase  in  pitssure,  until  the  piston 
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(tiigram,  dititi  4-ftr<MGi  cyda. 


reaches  a  point  slightly  past  TDC.  Then, 
combustion  continues  at  a  relatively  constant 
pressure,  droppiijg  lightly  as  combustion  ends  at 

■  ■d.  ■  ;  ■  ,  ■    .  ■  •  ■ 

Pressure-volume  diagrams  for  gasoline  and 
diesel  engines  operating  on  the  2-stroke  cycle  are 
similar  to  those  just  discussed,  excei>t  that 
separate  exhaust  a^id  intake  curves  do  not  exist. 
They  do  not  exist  because  intake  and  exhaust 

jpccui  during,  a  relatively .  short  interval  of  limei 
near  BDC  and  do  not  inyoh'e  full  strokes  of  the 
piiton  as  in  the  4-str6ke  .cycle .  Thus,  a 

,  pressaire-volume  diagram  for  a  2-str6ke  modified 
diesel,  cycle  will  be  similar  to  a  di^m  formed 

i  by  f-6-c-d*-f  in  figure  2*7.  The  exhaust  and " 
intake  phases  will  take  pkce  between  e  and  b 
with  some  Qverl^p  of  the  events.  (S«  fig,  2-2.)  • 
*  The  preceding  discussion  has  pointed  out 

^  some  of  the  main  difference*  betwwsn  engines 
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Hat  operate  on  the  otto  cyck;^  and  those  that 
operate  on  the  diesel  cycle,  la  brief,  these 
difference  involve  (l)  the  mixing  of  fuel  and 
air,  (2)  compression  ratio.  (3)  ignition,  and 

tl^  combustion  process. 

In  mentioning  differences  in  engines,  there  is 
another  variation  you  niay  find  in  the  engines 
you  operate  and  nmntain;  sometimes,  the 
manner  in  which  the  pressure  of  combustion 
gases  acts  upon  the  pistoji  is«used  as  a  method  of 
classifying  engini^ 


ENCaNES  CLASSIFIED  ACXXIRDING 
K  TO  THE  ACTION  OF  PRESSURE 
•    ON  PISTONS 

Engines  are  classified  in  many  ways.  You  are 
alre£^  familiar  with  some  dassiOcations  such  as 
those  based  on  (1)  fvKis  used  (diesel  fuel  and 
gasbUne),  (2>the  ignition  methods"l^s^rk  and 
compression),  (3)  the  corabustioh  -cydes  (otto 
and  diesel),  and  (4)  the  mechanical  cycl^ 
•  (2-stroke  am!  4-stroke).  Additional  information 
is  given  in  subsequent  chapters  pf  this  manual  on . 
Some  of  the  factors  related  to  the.  above 
'classifications  as  well  as  to  other  classifications, 
such  as  those  based  on  the  cylinder 
arrangements  (V,  in-line,  opposed,  etc)^  the 
cooling  media  (liquid  and  air),  and  the  mlve 
anangements)  (L-teadvvalve-in  head,  etc).^ 

Classification   of  engines    siccording  to 
'  combustion^gas  actioii  is  based  on  whether  the 
pressure  created  by  the  cximbustion  gases  acts 
uport  one  or  two  surfaces  of  a  single  piston  or 
.  against  single  surfaces  of  two  separate  and 
opposed  pistons.  The  two  typ«  of  engines  under 
'this  classification  are  commonly  refeired  to  as 
single-acting  and  c^pofed-piston  e^igines.  The 
opposed-piston  engine  is  actually^ a  form  of 
sii^e-acting  engines  since  pressure  is  applied  to 
only  ^ne   surface  of  ^  pistons.  .  True 
double-acting  diesd  engii»s  have  been  built,  but 
they  are  no  longer  in  use.  • 

SINGLldl^ACnNG 
ENGINES  ' 

Engiii^s  of  the  single-acting  typ^  have  one 
/piston   per  cylinder  with  t^,  pressure  of 


combustion  gases  acting  on  only  one  surface  of 
'the  piston.  This  is  a  feature  of  design  rather  than 
principle,  because  the  basic  principleis  of 
^  oparation  apply  whethear  an  engine  is  single 
actitig  or  opposed  piston. 

i  The  pistons  in  most  single-acting  diesel 
engines  are  of  the  trunk  type  (length  greater 

,  than  diameter).  The  barrel  or  wall  of  a  piston  of 
this  type  has  one  end  dosed  (crown)  and  one  end 
open  (skirt  end).  Only'  the  crown  of  a  trunk 

•piston  serves  as  pai^t  of  the  combustion  space 
surface.  Therefwe,  the  pressure  of  combustion 
can  act  only  against  the  crown;  thusi  with 
respect  to  the  surfaces  of  a  piston,  pressure  is 
SLc^e  acting.  .  ^ 

Most  reciprdcating  intemai-combustion 
engines  are  of  the  single-acting  type.  All'4-stroke 
cycle  engines  (fig.  2-3)  and  most  2-stroke  cyde 
engines  (fig.  2-9)  are  single  .acting.  Since  this  is 
true,  you  will  find  that  most  modem  gasoline 
engines,  as  weU  as  meat  of  the  diesel  engines 
i^d  by  the  Navy,  are  single  acting. 

*  With  respect  to  the.  combustion-gas  action, 
the  term  opposed-piston  identifies  those  engines 
which  have  TWO  PISTONS  and  QNE 
COMBUSTION  SPACE  m  each  cylinder.  The 
pistons  are  arranged  in  "opposed"  positions; 

-  that  is,  crown  to  aown,  witii  the  combustion 
^ace  in\  between.   (See  fig.  2-1.0.)  When 

:  combustion  tak^  place,  the  gases  act  against  the 
crowns  of  both  pistons,  driving  them  in  t^posite 
dkections.  Thus,  the  term  "oppo^"  not  only 
signifies  that,  with  respect  to  pressure  and  pistton 
,  surfaces,  the  gases  act  in  "opposite"  directions, 
but  also  classifies  piston  arrangement  within  the 
cylinder^  ^ 

'      ■  '  . 

(NOTE:  Engines  of  the  opposed-piston  type 
are  not  to  be  confused  with  engines  of  the  **flat" 
or  180°  V-type.  Fiat  engines  have  two  rows  of 

-  cylinders  in  a  horizontel  ^lane  vwth  <me 
'  crankshaft  located  between  the  rows  and  sming 
both  rows  of  cylinders.  Engines  of  this  design  are 

-  of  single<^€ting  type  and  are  sometimes  referred 
to  as  horizontalopposed  engines  (thp  term  is 
based^  on  cylinder  arrangement.) 

■  In  moderji  engines  that  have  the 
opposed-piston  arrangement,  two  crankshafts 
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(upper  and  lower)  are  required  for  transmission 
of  power^  Both  shafts  contribute  to  the  power 
output  of  the  engiiK.  In  mc«it  opiKJsed -piston 
engines  coraraon  to  Na\y  service,  the 
crankshafts  are  connected  by  a  vertical  drive. 
(SecrAg.2-ia)         .  ' 

The  cyUnders  of  opposed-piston  engines 
have  scavei^ng  air  ports  located, near  the  top. 


These  ports  are  opened  and  closed  by  the  upper 
pistoni>  Exhaust  ports  located  near  the  bottqm 
of  the  cylinder  are  dosed  and  opened  by  the 
lower  piston,  s 

Movement  of  the  opposed  pistons  is  such 
that  the  crowns  are  closest  together  near  the 
center  of  the  cyhnder.  When  at  this  position,  the 
pistons  are  not  at  the  true  piston  dead  cemters. 
This  is  because  the  lower  crankshaft  operates  a 
few  degrees  in  advance  of  the  upper  Shaft.  The 
number'  of  degrees  that  a  crank  on  the  lower 
shaft  travels  in  advance  of  a  corresponding  crank 
on  the  upper  shaft  is  called  LOWER  CRANK 
LEAD.  (See  fig.  2-1 1;) 

Note  in  part  A  of  figure  2-1 1  that  the 
lower  crankshaft  is  12°  PAST  outer  dead  center 
(ODC)  while  the  upper  piston  in  ON  outer  dead 
center,  in  other  words,  the  lower  shaft  leads  the 
upper  shaft  by  n^'of  rotation.  .(Outer  dead 
center  and  inner  dead  center  (IDC)  correspond;  . 
respectively,  to  BDC  and  TDC  of  single-acting 
engines.) 

*  *     •   •  ■ 

In  part  B,  the  lower  shafts  is  shown  a  few 
degrees  PAST  IDC  and  tiie  upper  shaft  the  same  . 
number  of  degrees  BEFORE  IDC.  (Keep  in  mind 
that  'the  shafts  rotate  in  opposite  directions.) 
With  the  shafts  at  these  positions,  the  pistons  are 
dbsest  together  and  are  «>me times  referred  to  as 
being  at  COMBUSTION  DEAD  CENTER.  Note 
that  the  midpoint  between  the  shaft  pi^tions  i$ 
piston  de^  center. 

' .  Opposed-piston  engines  used  by  the  Navy 
operate  on  the  2-stroke  cyde.  In  engines  of  the 
opposed-piston,  type,  as  in  2-stroke  cycle 

.single-acting  engines,  thete  is  an  overlap  Of  the 
various  events  occurring  during  a  cycle  of 
operation.  Injection  and  the  burning  of  tiie  fud 

^tart  -during  the  ktter  part-of  4he  compression 
event  and  extend  into  the  power  phase.  There  is 
also  ah  overlap  of  the  exhaust  and  scavenging : 
pericxjs.  The  events  in  the  cycle  of  operation  of 
an  opposedi>iston,  2-«trQke  diesd  cycle  engi^ 
arc  shown  ill  figure  2-12. 

la  figure  2-12  (1),  the  cyUnder  is  charged 
with  air  a^d  the  pistons  are  moving  toward  IDC. 
Since  the  scavenging  air  ports  are  covered  by  the 
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Figuri  2*12.— EvMits  in  optrating  cyei*    an  opp<M«d{iifl»n  cni^. 


Upper  piston  and  the  exhausf  ports  are  cayere^ 
by  the  lower  fasten,  compression  is  taking  place. 
A  few  degroes  before  the  lower  piston  reaches 
IDC,  fuel  is  iruected  (2)  and  combustion  occurs. 
Injection  is  completed  (3)  siighdy  before  the 
pistons  reach  combusticMi  dead  center,  where 
compression  is  hi^est.  The  combustion  of  the 
fuel  almost  doubles  the  pressure  shortly  after 
this  point  in  the  cycle.  As  the  gases  expand  (4^ 
the  pistons  are  driven  in  opposite  directions 
toward  the  outer  dead  .centers  and  power  is 
transmitted  to  b^th  crankshafts.  As  the  pistons 
approach  ODC,  the  lower  piston  uncovers  the 
exhausl  ports  .md^  most .  oL  the.  waste,  .gase$_ 
escape.  This  is  followed  by  the  upper  piston 
uncovering  the  scavenging  air  ports  (5).  The 
scavenging  air  forces  the  rejnnaining  gases  out  of 
the  cylinder.  Then,  the  lower  piston  wvers  the 
exhaust  ports  (6)  and  air  continues  to-  fill  the 
cylinder  until  the  upper  piston  covers  the 
so^venging  air  ports,  thus  completing  the  cycle. 

In  thfe  cytle  o^  operation  just  described,  the 
exhaust  ports  are  uncovei^d  (5)  and  covered  (6) 


slightly  before  the  intake  ports  are  opened  and 
closed  because  of  the  lowe^  crankshaft  lead. 
Lower  crank  lead  influences  scayenging  as  well 
as  power  output. 

Since  the  intake  ports  are  open  for  a  brief 
interval  after  the  exhaust  ports  close,  air  can  be 
forced  into  the  cylindef  at  a  pressure  above  that 
oi"  the  atmosphere  (i.e.,  the  cylinder  can  be 
supercharged).  Hiis  results  in  the  d6vtii[oj;}meJit 
of  more  power  than  would  b^  possible  if 
pressure  were  normal. 

Crank  Ibad  also  re^ts  in  less  power  being 
delivered  to  the  upper  shaft  than  to  the  tower 
.shaft.  TheMounlef  powcc  frmmitted  tomdL 
crankshaft  differs  because,  by  the  time  the 
upper  piston  reaches  IDC  after  iiuection  and 
<:ombustion,  the  lower  piston  has  already 
entered  the  power  phase  of  the  cycle.  The  lower 
piston,  therefore,  receives  the  greater  part  of  the 
force  oreatedijy  combustion.  In  other  words,  by 
the  time  th«  upper  pistpn  teaches  IDC  and 
be^iijs  to  transmit  power,  tlus  volume  of  the 
gases  has  idready  .begun  to  iacrease.  Theref(»re, 
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the  pressUj^  acting  on  the  upper  piston  is  i.ess 
than  that  acting -on  the  lower  piston  when  it 
began  to  deliver  power.  ' 

The  power  delivered  by  the  lower  crankshaft . 
varies  with  engine  models.  In  some  engines,  frora 
70%  to  S0%  of  the  total  power  cHxtput  is 
delivered  by  the  lower  crankshaft.  Hie  power 
available  froan  the  upper  shaft;  already  less  than 
lower  shaft  power  because  of  lower  crank  lead, 
"  is  further  .reduced,  insofar  as  engine  output  is 
'  ccMicemed,  by  the  load  of  the  engine  accessories 
which  the  uppef  shaft  generally  drives. 

Modern  engines  of  the  opposed-piston  design 
have  a  number  of  advantages  over  single-acting 
engjnes  of  comparable  rating.  Some  of  these 
advantages  are:  less  weight  per  horsepower 

.'  ~  ■  ■  ■  / 


developed;  lack  of  cylinder  heads  and  valve 
mechanisms  (and  the  cooling  and-  lubricating 
prbSlems  connected  with  them);  and  fewer 
moving  parts.  ' 

Single-acting  engines  have  their  own 
adv.antages,  such  as  not  requiring  blowers,  if 
they  are  of  the  4-strokc  cycle  design.  The9e 
engines  are  more'efficient  if  supercharge^  with  a 
turbochargcr  which  is  driven  by  the  otherwise 
wasted  energy  of' exhaust  gases.  Certain  repairs 
are  easier  on  a  single-acting  engine  since  the 
combustion  space  can  be  entered  without 
removing  an  entire  crankshaft  and  piston 
assembly.  Bec^se  of  this  you  are  more  likely  to 
work  on  single-acting  engines  than  on 
dppo^-pistpn  engines.  - 
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CHAPTER  3 


PRINCIPAL  STATIONARY  PARTS  OF  AN  ENGINE 


T^ 


l^lost  intemal-GDnibustion  engines  of  the 
rcciirfocating  type-ait;  constnicted  in  much  the. 
Wie  general  pattern. -Although  engines  are  not 
.  exactly  alike,  there  are  certain  features  common 
to  all.  ^d  the  main  parts  of  m&sX  en^es  are 
similarly  arranged Since  gasoline  engines  'and 
diesel  engines  hav^the  same  b^c  structure,  the 
descriptiohs  of  the  engine  parts  and  systems  in 
this  and  the  following  chapters  apply  generally 
to  both  types  of  engines.  However,  differences 
do  exist  and  we  sluill  point  these  but  wherever 
they  occur.  The  main  differences  in  diesel  ^d 
gasoline  engines  exist  in  the  fuel  ^sterns,  and  the 
methods'of  ignition.  • 


■The  main  parts  of  an  engine,  excluding 
accessorial  and  systems,  may  be  divided  into 
two  principal  groups:  (1 )  those  parts  that  do  not 
involve  motion,  le,  tJte  stwctural  frame  and  its 
/;^<imponents'  and  related  part^;  and  (2)  those 
(  parts  which  involve  motion.  Iliis  chapter  deals 
with  the  main  stationary  parts  of  an  engine. 
Information  about  the  moving  parts  of  an  engine 
is  given  in  the  chapters  Vrfiich  follow.  • 

The  stationary  parts  of  an  engine  maintain 
■  the  moving  parts  in  their  proj^  relative  position 
$0  that\U]ie  gas  pcBs^jire  product  by  combustion 
can    '*push"   the    pistons,  and  rotate  the 
"Crankshaft  The:  i)rtiae  "fe<^ 


stationary  parts  of  Navy  dittel  engines  are: 
ampie  strength,  low  weight,  minimum  size,  and, 
simpUcity  of  design.  Strength  is  necessary  if  the 
parts  are  to  withstand  the  extreme  forces 
-developed  in  an  engine;  space  Umitations  aboard 
ship  make  minimum^'weight  an4  size  ekseadal; 
and  simplicity  of  tiesign  is  of  great  importance 
when  maintenance  and  overhaul  are  involv«i. 


ENGINE  FRAMESw 


The.  term  '|*framc"  is  sometimes  usetl  tci 
identify  a  single  part  of  an  engitw;  it  is  also  uscd*-^ 
-to  identify  "several  stationary  parts  fastened 
together  to  support  most  of  the  moving  engine  . 
parts  a^d  enipne  accessories.  We  shall  use  thb 
latter  meaning  id  our  discussion. 

The  designs  of  modem  en^e  frarats  differ 
somewhat  from  carUer  designs.*  Some  pf  the 
earlier  frames  were  referred 'to  as  the  A-frame 
type,  the  crankcase  type,  the  trestle  type,  and 
the  staybolt  .or  tie-rod  type.  These  early  frames 
were  named  according  to  their  sh£(pe  ca  the 
manner  in  which  the  parts  Were  fastened 
together.  Many  of  the  features  coinmon  to  early 
engine  frames  hiave  Iken  mcorporated  in  frarnes 
of  mote  rtccnt  design- 
As  the  Ioad^<»nying  part  of  the  engine,  the 
frame  of  the  modem  engine  may  indude  such 
pAxU  as  the  cylinder  block,  crankcase,  bedplate  ' 
or  base,  sump  or  oil  pan,  ^d  end  plates.  ^ 

CYUNDERBUXaa^ 


The  cylinder  block  js  thcjpart  of  th<5  engine 

.  fi^e  that  supports  the  engi}ie's  cylinder  liners 
and  head  or  hqids.  Hie  blocks  for  moit  large 

.  engines  aife  of  wdded  Uteef  construction.  In  this 
type  of  construction,  the  blodc  is  made  of  steel 

"^otgi^igs  and;  ~iJlatcs,~^i^ch  "iie^^^"^^ 
horizontally:  and  vertically  for  strength,  and 
rigidity,  and  located  where .'kmds  .occur.  Deck 
plates^are  generally  fashioned  to  houM  and  hold 
the  cylinder* liners.  The  uprights  and  other 
members  are  wfkted  with  the  deck  piatejf  into 

.  oi^e  rigid  unit;  Blocks  of  small  highspeed 
engines  may  be  of  cast  iron  en  bloc  |[in  one 
piece)  conslkiction.  ' 
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A  cylinder  block  may  contain  passages  to 
allow  circulation  of  cooling  water  around  the 
liners.  Howeyer,  if  the  liner  is  Constructed  with 
integral  cooling  passages,  the  cylinder  block 
generally  does  not  have  cooling  passages.  Many 
Wocks  have  drilled  lube  "  oil  passages.  Most 
2-stroke  cycle  engines  have  air  passages  in  the 
block.  " 

In  other  words,  a  passage  tmt  is  an  integral  • 
part  of  an  engine  block  may  serve  as  a  part  of 
the  engine*s  cooling  system,  lubricating  system, 
or  aii'  system.  Generally,  we  think  of  one 
cylinder  block  in  connectidn  with  ^  cylinders 
of  an  engine;  however,  some  engines  have  one* 
cylinder  block  for  each  cylinder  or  for  each  pair 
of  cylinders.  Engines  with  V-type  or  X-type 
cylinder  arrangements  may  have  a  separate  block 
for  each,  bank  of  cylinders.  Examples  of  cylinder 
blocks  common  to  Navy  service  are  shown  in 
figures  3-1,  3-2,  and  3-3. 

In  figure  3-1  the  crankcase  is  an  integral  part 
of  the  block,  and  the  entire  unit  is  a  one-piece 
casting  of  alloy  cast  iron.  Trana^rse  members 
provide  rigidity  and  strength,  ensuring  alignment 
of  the  bores  and  bearings  under  all  4oads.  The 
block  is  bored  (9  in  the  figure)  to  receive  the 
cylinder  liners.  Note  the  air  inIe{ports  (8)  in  the 


cylinder  bofes  and  the  water  jackets  (6)  which 
.  extend  the  full  Jength  of  the  bores*  Air  space 
surrounds  the  watef  jackets.  Through  this  space, 
commonly  ,  called  the  air  box  (7),  air  is 
conducted  fr6m  the  blower  to  the  inlet  ports. 
Other  parts,  which  are  cast  integi^  with  this 
type  of  block,  are  the  upper  hah'es  of  the  main 
bearing  seats  (11),  handholes  (unnumbered), 
boie  for  the  cam  or  balance  shaft  (10), 
lubricating  oil  passages  (1,2,  and  3),  and  coolant 
passages  (4  and  5lf 

The  cylinder  Tjiock  shown  in  figur^  3.-2  is 
somewhat  larger  than  the  one -just  described.  It 
'  is  constructed  of  welded  steel  forgings  and  steel 
platA  This  type  of  block'is  secured  to  a  separate 
engine  base  and,  when  the  two  parts  are  bolted 
together,  they  form  the  frame  for  the  main 
bearings  which  carry  the' crankshaft.  Note  that  the 
camshaft  bearing  supports,  consisting  of  forged 
transverse  members,  are  an  integral  part  of  the 
block.  Pads  are  welded  to  the  blo^fc  and  are 
machined  to  carry  engine  parts  and  acinessories. 
The  block  shown  has  no  water  passages  because 
each  cylinder  liner  and  cylinder  head  has  its  own 
water  jacket.^  -  *^ 

The  cylinder  block  of  another  largb  diesel 
engine  is  shown  in  figure  3-3.  The  welded  steel 
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$thicfeire  provides  rigid  support  for  the  cylinder 
cooling  jackets,  Uners,  and  headsL  The^long  bolts 
on  the  bottom  of  the  block  secure  the  unit  to  a 
separate  engine  part  such  as  the  crankcase  which 
we  shall  discuss  later  in  this  chapter.  J  . 

The  thxsJ^  cylinder  blocks  discussed  so  far 
are  all  from  engines  with  an  in-line  cylinder 
— arrangcjnwt  "phcijlock  illustrated  in^igure  3-4 
is  ff  prcsentativc  of  blocks  constructed  forsdme 
enl^nes  with  the  V-lypc  cylinder' arrangement. 
Blocks  of  this  type  are  usually  donstructed  of 
forgings  and  steel' plates  welded  together,  in.  the 
.  V-typc  construction,  the  upper  aw  lower  deck 
plates  br  each  side  of  the  V  are  bored  to  receive 
the  cylinder  liners.  The  space'betv^en  the  deck 
plates  and  tiu  space  between  the  two  banks 


form  the  scavenging  air  chamber,  or  air  box.  in 
some  blocks  of  this  typ&,  the  Unci-  bore  in  the 
lower  deck  plate  is  made  with  a  groove  that 
serves  as  a  cooling  water  inlet  for  the  liner.  Some . 
V-typc  blocks  are  constructed  with  the 
mounting  pads  for  the  main  bearings*  seats  as 
parts  of;,  the  forged  tiansverse  membei^  at  the 
-bottom  of  the  block.  4n  some  blocla,^e  lower 
bearing  seats  for  the  c^shaft  are  located  in  a 
'P6cket  which  is  an  integral  part  of  the  block* 
Note  the  can>shaft  pocket  in  figure  3-4. 


CRANKCASES 


The  engine  fraraei  part  that  serves  as  a 
housing  for  the  oankshaft  is  commc^  called 
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tlie  crahkcasc.  Ifl  some  engines,  the  crurikdaso  is 
an  integn^I  part  of  the  cylinder  block  (fig.  3-1 
'  and  3-2),  requiring  an  oil  pan,  sump,  or  base  to 
coiTiplete  the  housing.  In  others,  the  crankcase  is 
a  separate  part  and  is  bolted  to  the- bloek.  Figure, 
3-5  illustrates  a  crankcase  of  the  latter  type' 
which  is  used  with  the  block  shown  in  figure 
3-3.   This   crankcase   is  an .  all-steel  welded 
stfucture  which  incori>orates  the  bolting  flanges, 
the- main  bearing  saddles,  and  an  oil  trough.  A 
crankcase  of  this  type  is  sometimes. called  the^ 
main  ejogine  base. 

BEDPLATES  AND  BASES  * 

..  '.  ■ 

•     In  .large  engi^ies  of  early  desi^,  a  bedplate  - 

—supported  ^  he -m  ain  ^xrarings.  The  bedplate  was 
bpUed  to  the  cran  kcase  and  an  oil-  pan  ^was 
bolted  to  the  bedplate.  In  some  large  engines  of . 
more  inodem  design,  the  •  support  for  main 

,  beariitgs  is  provided  with  .a.  part  called  the  base. 
Figure  3-6,  illustrates  iuch  a  base,  which  is  used 
with  the  block  shoWn  in  figure  3-2.  This  type  of 
t>#*e  icrm  as  a  eombinatipn  bedplate  and  oil 
pan.  Although  similar  to  th^  crankcase  shown  in 
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^figure  3-5,  the'  base  in  figure  3-6  requires  the 
.  engine  block  to  complete  the  frame  for  the^nain 
engine  bearings.  (In  the  crankcase  shown  in 
-figure  3-3,1iowever,"the  cra^LksHaTt  ^d  the  maia 
bearirtgs  were  mbunted^and  secured  ciimpletely 
within  the  crankcaise.)     '  - 

,  SUMPS  ANDOKJ^PANS  - 

•  A  reservoir  for'  e.ollecting' and  holding  the 
engine's  lubricating  oil  is  a  necessary  part  of  the 
engine  structure  The  rescivoir may  be  cailed  a 
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sump,  oil  trough,,  or  m  oil  pan,  depending  on  its 
design,  and  is  usually  attached  directly  to  the 
engine.  However,  in  .dry  sumpengines,  the  saimp 
may  be  located  apairt  froni  the  engine.  Wherever 
it  is  located,  thr  reservoir  serves  the  >ame 
purpose. 

In  the  cranltcase,  and  the  engine  base  shown 
in  figures  3-5  and  3-6,  the  oil  sump  ispart  of  the 
imc  or  cmnkcase  and  has  functions  other  than 
ju^t  as. ah  oil  reservoir.  Many  of  the  smaller 
enj^es  do  not  have  a.separate  base  or  crankcase; 

"instead,  they  Mve  ai^  Oil'^pan,  which  is  s^e*;ured; 
directly,  to  the  bottom  of  the  block.  The  block 
shown  in  figure  3-1  uses  such  a  pan.  Usuallyt  the 
oil  pan  serves  only  as  the  lower  portion  of  the 

.  crankshaft  housing  and  as  the  oil  re^rvoir.. 

PSiD  PLATES  "  * 

'  Seme  engines  have  flat  steei  plates  attached 
to  each-^nd  of  the  cylinder^bloipk.  E,^  platen 


add  rigidity  to  the  blook  aiid  provick  a  surface 
to  which  may  be  bolted  housings  fo«uch  parts 
as  gears,  blower?,  pumps,  an^  generators.  An  end 
plate  and  gasket  for  the  block  in  figure  3-1  are 
shovvai©  figure'  3-7.  •  : 

ACCESS  pPENlf^S  AND  O^^^^ 

Many  engines,  especially  the  larger  oneSj 
.^S(vc  openmgs  in  some  part  .of  the  engine  frame. 
.(&^  figures  3-2  and  3-3.)  These  openings  permit 
"T^access  :^or  The^^~^c^  main  ~and 

•  %^x;onnecting  rod  bearings,  injector  control  shafts, 
and  various  other;  inlemal  engine  parts.  Access 
doors  are  usually  secured  with  handwh^el  or 
.  nut-operajted  clamps  and  are  fitted  with  gaskets 
to  keep  dirt  and  foreign  material  out  of  the 
engine's  interior.  On  some  engines,  the  covere 
(sometimes  jcailed  doors  or  (plates)  to  access 
^  openings  are  construct<jd  to  serve  as  safe.ty^ 


erIc 


7&2ax 

mw,4Q>tiii  ta  ooMT.  Right  vitM^  outiidt  of  cover. 


devices,  A  ijafety  cover  is  one  equipped  with  a 
fpring-Ioiiied  pressure  plate.  The'  spffing 
iniiataim  i  pressure  that  keeps  the  plate  scaled 
uj^dcf  normal  operating  conditions.  In  the  event 
of  a  crankcasc  explosioi)  or  extreme  pressure 
within  the  cranJccase»  the  excess  pressure 
dyercomps  the  spring  tension,  and  the  plate  m 


the  safety  cover  acji  as  an  escape  vent.  The 
release  of  excess  pressure  helps  to  minimize 
damage  to  the  engine.  ^'  -  .  ^ 

A  typical  access  openmg  and  cover  are 
.•shown  in  figure  3-8.  The  cross  section  of  this 
cover  and  it§  position  on  the  block  can  he  seen 
in  the  right-hand  view  of  figure  3-1.  A  safety 
cover  and  its  parts  are  shown  in  figure  3-9. 


BEARINGS 


The  bearings  of  an  engine  make  up  an 
important  group  of  parts.  Some  bearings  remain 
stationary  in  performing  their  function  while 
others  move,  One  prjncipaj  group  of  stationary 
bearings  in  an  engine  are  those  that  support  the 
crankshaft  These  bearings  are  generally  called 
main  bearings.  (See  figures  3-1  and  3^)  You 
will  find  additional  information  on  these  and 
other  bearings  in  tater  chapters  in  connection- 
with  related  moving  parts.  *' 
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CYUNDiER  ASSPIBUJES 

v^".;;. 

The   cylinder   assembly    completes  the 
structural  framevKOric'of  an  engine.  As  one  of  tlK 
main  stationary  parts  of  an  ^ngine,  the  cylinder 
assembly,  along  with  various  related  working, 
patU,  serves  to  confim  and  retease  tl»  gases.  For 
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purposes  of  our  di&cussion,  the  cylinder 
assembly  consists  Of  the  head,  the  liner,  the 
litUcUiLWid  the  ffiskets  Jfig.  3-1 0),  The  other 
ctigUie,  parts,  shown  in  figure  3-10,  many  of 
which  involve  motion^  are  discussed  lat^sr  in  fe. 
mahual. 

-  The  dcsisji  of  the  pafts  of  Ihc  cylinder 
assembly  varies  considerably  from  one  type  of 
engine  to  another.  Regardless  of  differences  in 
design,  however, .  the  basic  components  of  all 
GyUn4cr  assemblks  function,  along  with  related 


moving  parts,  to  provide  a  gas-tight  and 
liquid-tight  space-'  Differences  oth«-  than  in 
design  will  be  found  in  cylinder  assemblies.  For 
examplei^a  gasket  is  necessajy 'between  the  licad 
^d  block  of  most  cylinder  as^eijiblies.  However, 
such  gaskets  are  not  used  on  all  engines.  When  a 
gasket^  not  a  part  of  the  assembly,  the  mating 
surfaces  of  the  head  and  block  are  accurately 
machined  to  form  a  «eal  between  the  twci  parts. 
Other  difference^  in  cylinder  assemblies  exist, 
some  of  which  are  pointed  out  in  the  discussion 
"^that  fdUo\^     ^  , 
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CYLINDER  UNERS 

The  barrel  or  bore  in  which  an  cngitc  piston ' 
moves  back  and  forth  may  be  an  integral  part  oF 
the  cylinder  block,  or  it  may  be  a  separate  stecve 
or  liner.  The ,  first  type,  common  in  gasoline 
.  engiijes,  has  the  disadvantage  of  not  being 
replaceable.  When  excessive  wear  occun  in  a 
bairel  of  this  type,  the  barrel  must  be  rcbored 
and  honed.  Reconditioning  of  this  nature  cannot 
be  repeated  indefinitely  and,  in  time,  the  entire 
block  must  be  replaced.  Another  disadvantage  is 
the  inconvenience,  especially  in  large  engines,  of 
removing  the  entire  cylinder  block  from  a  ship  in 
order  to  recondition  the  cylinders.  For  these 
reasons,  practically  -  all  diesel  engines  are 
constructed  with  replaceable  cylinder  lineis.  The 
cylinder  hners  we  shall  discuss  arc  representative 
of  those  used  in  diesci  engines. 

The  material  of  a  liner  must  withstand  the 
extreme  heat  and  pressure  developed^within  the 
cylinder  and,  at  the  same  time,  must  permit  the 
piston  and  rings  to  move  with  a  minimum  of 
friction.  Close-grained  cast  iron  is  the, material 
most  commonly  used  for  liner  constnictibn; 


stnictii 
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Iwwever,  steel  is  sometimes  used.  Some  line« 
are  plated  on  the  wearing  surface  with  portws 
chromium.  Chromium  has  greater  wea^^csistant 
qualities  than  other  materials.  Also,  the  pores  in 
the  plating  tend  to  hold  the  lubricating  oil  and 
thereby  aid  in  maintaining  the  lubrication  fihn 
which  is  necessary  to  reduce  friction  and  wear. 

Five  replaceable-type  cylinder  iinere  ar$ 
shown  in  figure  3-1 1 .  These  liners  ilhistrate  some 
of  the  differences  in  the  design  of  liners  and  the 
relative  size  of  the  engines  represented. 

Types  of  liners 

.Cylinder  liners  may  be  divided  into  two 
general  classifications  or  types:  dry  or  wet.  The 
dry-type  liner  docs  not  come  in  contact  With  the' 
coolant;  instead,  it  fits  closely  against  th^  wall  of 
the  cooling  jacket  in  the  cylinder  block.  With 
the  wet-type  hncr,  the  coolant  comes  in  direct 
contact  with  the  Oiner.  Wet  linei^  may  have  a 
cooling  mter  spaee  between  the  engine  block 
*and  4iner,  or  they  ^i^y  have  integral  cooling 
passages,  liners  with  integi^  ca)ling  passages 
are  sometimes  referred  to  as  >atei^jacketed 
liners.  - 
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PRY  UNERS,~-Lincrs  of  this  type  have 
relatjvcly  thin  wall$  compared  with  liners  of  the 
wet  type.  The  smalkst  liner  in  figure  3-UE  i$  of  . 
the  dry  type  The  cross  section  of  this  liner  can 
be  seen  in  the  Hi^t-hand  view  of  Tigwe  3-1. 
Note  that  the  coolant  circulat«  in  passages  in 
the  block  and  does  not  come  in  contact  with  the 
liner.-  ' 

Liners  of  the  dry  type  iue  installed  in  some 
engines  with  a  press  fit* and  in  others  with  a 
loose  fit  Some  engines  using  the  type  of  block 
shown  in  titutie  3-1  are  fitted  with  press  fit  liners 
and  others  hav£  .liners  with  a :  loose  fit. 
Manufacturcjj^  recommend  that«  when 
,  repkcements  arc|  necessary,  liners  with  a  press  fit 
be  replaced  with  those  having  a  loose  fit  In  such 
cases,  the  liners  for  both  pn^  and  loose  fits  are 
identical  internally.  Therefore,  when 
repiacxments  are  made,  the  cylinder  bores  in  the 
block  must  be  honed  to  a  lar^  diameter  to 
permit  thfi  loose  fit.  Ali  liiwrs  in  a  block  must 
have  the  same  ty  pe  fit. 

Uners  with  a  press  fit  require  special  tools 
'for  installation  and  removal  In  small  engine, 
liners  with  a  loose  fit  can  usually  be  removed  by 
hand  after  the  liner  has  been  loosened 

-  WET  UNERS.-In  wet  type  lin«5rs  that  do 
not  have  integral  cooling  passages,  the  water 
jacket  is  formed  by  the  'hner  and  a  separate 
jacket  which  is  a  part  of  the  block  frame.  (Scsc 
■figure  3-1 2.)  A  seal  must  be  provided  at  both  the 
comUistion  and  crankshaft  ends  of  the  cylinders 
to  prevent  leakage.  Gei«rally,  the  sieal  at  the 
combustion  end  of  a  liner  consists  of  cither  a 
giasket  under  a  flange  or  a  madiined  fit.  Rubber 
or  mioprene  hngs  generally  form  the.seal  at  the 
crankshaft  en4  of  the  liner,  Liners  of  this  type 
are  so  constructed  as  to  permit  lengthwise 
expansion  and  contraction,  and  the  walls  are 
strohg  enough  to  withstand  the  full  working 
^rpressujrc^f  the  combtattion  gaK?s.  - — r-  

In  figure  3- 11  A,  the  liner  with  the  largest 
diameter  is  an  example  of  this  type  of  wet  liner. 
Note  the  grooved  flange  at  the  top  and  the  seal 
ring  grooves  at  the  lower  end.  The  groove  in  the 
*  flange  and^thc  tongue  of  the  cylinder  head  make 
a  metil-to-metai  joint  and  seal.  The  joint 
between  the  flange  and  the  cooling  jacket  is 
seiikd  with  a  nonhardening  sealing  com^nd.  A 


cross  section  of  a  wet  type  liner  is  sbowp  in 
figyrc  3-12,  ^ 

^  WATER-JACKETED  UNERS.-A  cylinder 
sleeve  of  this  type  has  its  own  coolant  jacket  as 
an  ii;t«ral  part  of  the  liner  assembly.  The  jacket 
may  ^  "cast  on,  shnmk  on,  or  sealed  on  the 
liner.  The  water  is  admitted  into  the  lower 
section  of  the  jacket  and  leaves  through  the  top, 
as  illustrated  in  figure  -S-l  3.  The  liner  shown  is 
that  of  a  4-stroke  cycle  engine.  M<»t  2-strokc 
cycle  engines  are  equipped  with  wateivjackcted 
liners,  sine*  such  ,  l^rs  provide  the  most 
effective  n^eans  of  establishing  a  watertight  seal 
around  the  ports. 

.  Suiothcr  feature  of  some  liners  is  the 
counterbored  area.  Such  an  area  is  identified  in 
figure  3-13B.  The  counterbore  extends 
downward^  the  top  point  of  travel  ofthe  firing 
ring.  The  diameter  of  the  liner  in  the 
counterbored  area  is  slightly  larger  than  the 
diameter  in  the  area  of  piston  ring  travel.  If  the 
diameter  of  the  liner  were  the  same  tluoughout 
its  length,  the  increase  in  diameter  in  the  ring 
a)ntact  area  vwul(3  re&ult  in  the  formation  of  a 
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ridge  or  lip  on  th<5  liner  surface  at  the  upper 
liinit  of  firing  ring  travel  Aiip  on  the  surface  of 
<  liner, may  cause  broken  piston  rings  and, 
possibly^  extensive  damage  to  an  engine.'  The 
counterborcj^events  formation  of  aich  a  ridge 
of  lip.  (After  extensive  engine  operation,  the 
Uner  surface  may  weaf  in  the  area  where  the 
make  contact.  )  -  - 


The  liner  in  figure  3-13  and  liners  G  and  D  in 
figure  3-n  have  cast-cai  jackets;  that  is,  the 
jacket  js  cast  ^  an  intcgnd  part  of  the  Uner. 

in  the  longest  liner  shown  in  figure 
>1 1 B,  instead  oS:  being  cat  as  an  integral  part  of 
the  liner,  the  water  jacket  is  sealed  pn  the  Uner 
with  rubber  aeal  rings.  Details  of  a  liner  assembly 
wite  a  ^ecHm  jacket  are  shown  in  figure  3-14. 


Of  the  four  jacket-type  liners  shown  (figures 
.  3-11,  3-^3,  and  3-14)  and  discussed,  note  that 
three  have  ports.  In  the  largest  of  .  these  three 
(fig-  3-14)  the  lojation  of  the  ports  eliminates 
the  seal  of  the  water  jacket  as  a  prablem  with 
respect  to  the  ait  ports.  In  the  othefiwo  liners 
(C  and  D  in  fig.  3-12),  there  is  no  problem  of 
ieak^e  since  the  ports  are  cast  'as  a  part  of  the 
assembly.  In  .the  cast  jacket-type  liner,  the  water 
jacket  is  formed  by  the  inner  and  outer  walls  of 
the  liner.  The  ports  divide  the  water  space  into 
lower  and  upper  spaces,  which  are  connected  by 
vertical  passages  between  the  ports.  This  type  of 
construction  is  illustrated  in  figure  3-1 5.  The 
cross  section  is  that  of  th^fcer^own  in  figure 
3-1  ID.  J 
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Repair  of  Uners 


Repair  procedures  for  liners  vary,  depending 
on  the  engine.  Troubles,  which  may  require 
repair  of  the  cylinder  liners,  are  cracks,  scoring, 
obstructed  ports,  or  excessive  wear:  If  an 
iijspcction  or  test  of  the  cylinder  liner  indicates 
t^at  it  must  be  removed  for  repair  or 
>^placement,  follow  the  instructions  given  on 
\  thie  appropriate  Maintenance  Requirement  Card 


(MRC)  or  in  the  manufacturer's  technical 
manual  for  the  particular  type  of  engine.  Figure 
3-16  illustrates  the  method  generally  used  to 
remove  a  cylinder  liner. 

If  it  becomes  necessary  to  remove  the 
cylinder  liner  of  an  engine^  proceed  follows: 

1 ,  Drain  the  water  from  the  engine. 

2,  Remove  the  cVUnder  head, 

3,  Remove  the  piston(s)» 


er|c 
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Figum  3-1&-Cratt  mc^  of  cait  iaci(«t  typtf  timr  with 

4.  Attach  the  special  liner  -puUer  to  the 
liner  studs  and  tightefl  the  nuts  by  hand.  (The 
.nuts  must  be  hand  tightened;  if  a  wrench  is  used, 
the  threads  m  both  nuts  and  studs  may.  be 
•damaged.) 

5.  Attach  the  hook  of  the  chain 'faU  and 
pull  slightly  until  the  liner  brea^ks  free  (fig. 
3f-i6).  If  the  liner  fails  to  ^reak  loose 
immediately,  yoii  should  apply  pressure  at  the 
bottom.  To  do  this,  place  a  blocX  of  wood  on 
tlie  aankshaft  throw,  and  force  it  up  against  the 
Uiwr  by  rotating  the  turning  gear, 

1^  _iift  4be  4iaer  t»p  until^i^  clear?  the  top  of 
the  engine  block  and  remove  it  to  a  safe  place.  It 
may  be  necessary  to  rotate  the  lirter  slightly 
while  removing  it  from  the  engine  block. 

■  '     .     •  -  ■  ■  ■ 

CRACKED,  .  BROKEN,  JLND  DISTORTED 
UNERS. -bracks  in  liners  may  logically  be 
suspected  when'  any  of  the  following  occur: 
.excessive  water  i|  the  lubricating  oil,'  ah 

ERIC  ^ 


accumulation  of  water  in  a  cylinder  of  a  secured 
engine,  an  abnormal  decline  in  the  \vater  level  of 
the  expansion  tank,  excessive  temperature  or 
fluctuating  pressure  of  the  cooling  water  (when 
coinbustion  gases  blow  irito  the  cooling 
passages)  - or  oil  in  the  coaling  water  of  an 
operating  engine.  ■  /. 
.  I^  you^  cannot  locate  cracks  by  visual 
inspection,  you  mUst  use  other  methods. 
Hydrostatic  testing  is  one  n^ethod  and  removing 
the  liners  from  the  engine  Is  another.  To  check 
liners  with  integral  codling  passages^  plug  the 
outlets  and  fill  the  passage  with  glycol  type 
antifreeze;  this  liquid  wUl.kfak  from  even  the 
smallest  crashes.  Crack*  in  dry  liners  may  be 
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more  difficult  to  locate  because  there  is  no 
leakage  water  to  leak  thrtnighi  such  cracki  You  ' 
may  need  to  use  magnaflux  equipment  to  locate 
cracks  in  dry  liners, 

•  Cylinder  liners  may  crack  becau.se  of  poor 
cooling,  improper  fit  of  piston  or  pistons, 
incorrect  installation,  foreign  bodies  in  tiie 
combostioii  space,'  or  erosion^  and  conosion. 

IMPROPER  COOL^  which  genecally 
results  from  restricted  cooling  passages,  may 
cause  uneven  heating  of  liners,  resulting  in  Uner 
failure  due  to  thermal  stress.  Scale  formation  on 
the  cooling  passage  surfaces, of  liners  may  also 
cause  uneven  heating;  wet  liner?  are  sublet  to 
scale  fomiation. -Scale  may  be  removed  by 
following  the  procedures  outlined  in  ^ch^ter 
233  (94 1 2)  of  NavShips '  Technical  Manud. 

Proper  codling  of  dry  liners  requires  cleans 
contact  surfaces  between  the  liner  and  cylinder 
block.  Particles  of  dirt  between  these  surfaces 
causs..jg;^ac€S  which  are  poor  cohductors  of 
heat  Films  of  oil  or  grease  on  these  mating 
surfaces  also  offer  resistance  to  the  flow  of  heat 
DISTORTION,  WEAR,  or  BREAKAGE  may 
result  if  a  liner  is  not  properly  seated.  Causes  of 
improper  liner  seating  may  be  metal  Chips,  nicks, . 
or  burrs,  or  improper  fillets.  In  figure  3-17  ah 
improper  fillet  on  the  cyliiider  deck  prevents  . 
proper  Uner  seating.  To  correct  an  improper 
fillet  grind  it  down  until  the  lower  surface  of> 
■  the  flange  seats  properly  on  the  mating  airf ace 
of  the  cylinder  deck. 

An   oversized,  sealing   ring   may  cause 
improper  positioning  of  the  liner.  As  the  sealing 
.  ring  is  overcom pressed,  the  nibber  loses  its 
elasticity  artd  becomes,  hard;  which  may  result  in 
distortion  of  the  t^yUnder.  V  '  * 

Use  feeler  j»gcs  to  check  Ihc  clearance 
between  the  mating  surfaces.  If  the 
martufadjuiw*s  tcchmcal  manual  specifies  the 
ilistancc  -firom  the  cylinder  deck  to  the  ^pper 
.  surface  of  the  liner  Gange,  use  this  dimension  to 
check  cai  tl^  seating  of  the  liner.  ^ 

OBSif  RUCTIONS  in  the  coinbUstion 
chamber* may  be  destructive  not  onl*to  the 
liner  but  also  "to  the  cylinder  head  and  other 
parts.  EROSION  ANP  CORROSION  may  take 
place  in  i^^few  isolated  spots  and  weaken  a  liner 
sufficieatly  to  cause  cracks.  Replacement  is  the 


only  satisfactory  means  of  correcting  cracked, 
broken,  or  badly  distorted  cjflinder  Uners.. 

SCORED   CYLINDER  UNERsAscoring  ^ 
may  be  in  the  form  of  deep  or  shallow  scratches  - 
in  the  Jiner  iirface.  >^th  most  liner  scoring, 
theref  wm  be  corresponding 'scratches  on  the 
piston "ind  piston  rings.  The  ^ymptoins  of,, 
scoring  ,  may  be  low  '  firing  or  compression  ' 
pressure  and  rapid  wear  of  piston  rings.  The  best 
method  for  detecting  scoring  is  vi»ial  inspection 
through  liner  ports,  through '  the  crankcase, 
housing  with  pistons  in  top  position,  or  when 
'the  engine  is  disassembled.  . 

Sfcoiedj  Cylinder  liners  may  be  caused  by 
broken   pistons   ringsi'  a  defective  piston, 
improper  pooling,  improper  lubrication,  or  the 
presence  of  foreign  particles.  Dust  particles  - 
drawnjiutalan  engine^ cylinder  will  niix  with  the 
oil  and  become  an  effective  but  undesirabte 
lapping  compound  that  ipay  cause  extensive 
damage.    We    cannot   overemphasize'  the 
importance  of  kefeping  the  intake  air  clean. 
^  Another  preiautioiT  that-shoulc^  be  taken  is  to — - 
see  that  when  an  engine  is  beirtg  assembled,  no 
metal  chips,  huts,  bolts,  screws,  or  tools  remain'^ 
.  iuthecylinder|Whentheheaa  is  replaced, 

IHstons  and  rings  which  ait  badly  worn 
permit  blowby^'of  combustion  gases.  Not  only  is 
operating  efficiency  r^uced,  but  there  is  also  a  '^l 
:  greater  tendency  for  scoring^  both  because  of 
the  increased  temperature  and.  becau<>e  bio  why 
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may  reduce  the  oil  filrh  'untjl  metal-to-metal 

-  contact  takes  place;  Inspect  the  pistons  and  rin^  ' 
carefully.  A  piston  with  a  rough  surface  (such  as 
ont  that  has  seized)  will  cause  scoring  of  the 

';lincr. 

Scoring  as  a  result  of  insufficient  lubrica^bn 
or  dirt  in  the  lubricating  oil  dan  be  pievented  if 
lubricating  equipment  {fUtere,  strainers,  and 
gentrifuges)  is  maintained  prppecly.  Lube  oU 
must  be  purifjed  in  accordance  witli' required 
procedures. 

:     Repair*,  of.  scored  liners  is  n'ot  generally 
underCaken  by  ship^s  force.  Spare  liners  are 
.  necessary,  i^ncrs  with  minor 
■■■  sconng  may  be  kept  in  service,  if  the  cause  of  ' 
scoring  is  eliminated,  and  the  minor  defects  can 

-  <be  corrected.  The  «irface  of  the  liner  must  be 
inspected  carefully,  especially  in  the  region  next 
to  the  ports,  for  any  burrs,  projections,  or  sharp 
«<iges  that  will  interfere  with  piston  and  ring 
travel:  M<^t.  projections  can  i)€  removed  by 
handstoning,  using  a  fine,  stone.  A  Uner,  Before 
and  ifter  the  ports  were  stoned,  is  shown  in 
figure  3- ISL  * ->    \     >  * 


—  EXGESSIVELY  WORN  UNERS.-the  l^sl 
method  of  ^firiding  excessive  wear  is  to  take 
me^rements  of  the  cylinder  liner  with  inade 
jpicrometer  caliper^  Two  types  of  liner  wear  to 
be  checked  ara  illustrated^  in  'figure '. 3-1 9. 
Excessive  maximum  tone ter  results  from 
general  wear  equally  around  the  cylinder, 
put^f-roundness  is  produced  by  the  piston 


.thnisting  *against  one  or  two  sides  of  the 

cylinders.  ,  . 

^  •   Clearance  between  a  piston  and  a  liner  is 

gei^rally  checked  by  micrometer  measurements 

of  toth  parts.  On  smaller  engines,  you  can  use  a 
^  feeler  gage.  Clearance  in  excess  of  that  specified 

by  the  mahulacturer  is  generally  due  to^ liner 
.  wear,  which  normally  is  greater  than  piston 

wear.      •  . 

Meoiajrements  for  determining  liner  wear 
^ould  be  taken  at  three  l^els.  Make  the  first 
,  .measurement  slightly  bebw  the  highest  poinUo 
•whicli  the  top  ring  travels;  make  the  next 
measurement  slightly  abqve'the  lowest  point  of 
-compression  ring  travel;  and  make  the  third 
meaaircment-at  appoint  about  midway  be^tween 
'  the,  f*st  two.  (AH  readings  should  be  recorded, 
so  , that  rapid  wear  of  any  particular  cylinder' 
hner«."wiil  be  evident  to  the  operator.)  If  wear  or 
out-of-roundness  exists  beyond  specified  limits, 
the  ,Uner  should  be  replaced.  Figure  3^20  shows  ■ 
two  examples  of  taking  inside  measurements. 
The  liner  shown,  in  figure  3-20B  requires  at  least- 
twice  as  many  measurements  as  other  types  of 
liners  because  it  is  from  an  opposed  piston  i 
engine,-  '  . 

You  will  not  get  accurate  measurements 
unless  . you  properly  position  the  caliper  or  gage 
in  the  liner.  Common  errors  in  positioning  are 
illustrated  in  A  and.B  of  figure  3-21.  Holrfcuie 
end  of  the  caHper  firmly  against  the  liner  wall,  as 
shpwn  m  A  pf  figure  3-20.  You  can  then  move  • 
the  free  end  back  and  forth,  and  up  ahd  down, 


•A- 

A -8 -out  Of  ROUMOMESS 
A -MAXIMUM  OAMttER 


7S.34 


Ftgurt  3-10.>-MfMUNnMnti  for  dttMmining  Imtr  wmr. 


Chapter  S^PWNaPAL  STATICWARY  PARTS .  OF  AN  ENG 


^  .  A 
'  COCKED 


•  NOT  ON 
MAXIMUM 
OlAMETeH 


f=i|)Uf«  3-2M&ron  to  woki  wtMii  tikki^  I'w^ 


TRUE  DIAMETER 


note:  .,• 
points  indicate      -  ' 
contact  between 
.  liner  and  micrometer 


,  '  ■.  .'75.37 

Rgura  3-22;~TriM  of  c^l^itr  trt^jwtitn^tirmininfi  trut 
V     '   diwwtir  of  •  liiwr. 


7B.35X 

Rguit  3-4$0L<MWatwiina  tht         of  •  cylindir  linir. 

until  you  establish  the  true  diamef^  of  the  liner. 
The- moving  end  will  trace  a  patch  sim.ilar  to  that 
illustrated  in  figyxe  3-22. 

>  Considerable  experience  in  using  an -inside 
micrometer  or  cylinder  gage  is  necessaty  to 
ensure  accuracy.  A*  a  precaution  against  error,  it 
is  a  good  practice  for  two  persons  to  take  the 
liner,  nacaiureihent;   then    any  discrepancy 


between  I  the  two  sets  -  of  readings  can.  be 
rechb:ked.  '  .  - 

Excessive  of  abnormal  wear  .of  cylinder 
liners  may  be  caused  by  insufficient  lubrication, 
.  dirt,  improper 'Starting  procedures,  or  if  thev 
^^^^^^oling  vyater  temperature  is  too  low. 

The  cooling  water  of  an  engine  should 
•    always  bei  maintained  within  the  s^cified 
temperature    ranges.   If  the.,  temperature  is 
allowed  jtg  drop  too  low,  conosive  vapors  will 
condense  on  the  iin?r  walls. 
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The  lubricating  iyVtein  must  be  carefully 
mniJitained.  in  proper  working  order. .  T^e 
method  of  cylinder  liner  lubrication  varies  with 
different  engines.  The  proper  grade  oil,  in 
accoi'dancc  witirengin.e  speaifications,  should  be' 
^sed.  i 

,  The  eagine  must  not  be  operated  in  a  dirty 
condition,  Tlie  air  jbox,  crankcasc,  and  manifold 
sliould  be  cleaned  and  maintaii^ed  in  a  clean 
condition,  to  avoid  cylinder  wear  and  scoring. 
(Attcfttioh  to  the  air  cleaner,  bU  filters,  and  oil 
centrifuge  are  the  best  preji?au  tions  against  the 
^entrance  of  dirt  into  the  engine.) 

IniprOpef-  starting  procedures  will  cause 
exccsiiive  wear  on  the  liners  and  pistons.  When 
an  engine  is  first  started,  some  timd  njay  elapse 
before  the  flow  of  lubricating  oil  is  complete; 
a^so,  tKe  parts  arc  cold  and  condensation  of 
corrosive  vapors  is  accelerated  accordingly. 
Tliese  two  factors  (lack  of  lubrication  and ^ 
condensation  of  corrosive  valors}  make  the 
period  immediately  after  starting  a  criticallime 
'for  cylinder  liners.  If  an  independently  driven  oil 
pump  is  installed,  it  must  be  used  tp  prime.the- 
lub^  oil  system  and  build  up  oil  pressure  before 
the  engine  is  started.-  The  engine  should  ndt  be 
subjected  to'  higlv  load  during  the ,  wamiup 
period.  Follow  the  manufacturer's  instruction 
manual  concerning^  warm  up  time  and  load 
application  (or  the  engine  concerned. 

Cylinder  liners  worn  beyond  the  maximum 
allowable  limit  should  be  re placed.  You. willYmd 
the  majiinium.  allowable  wear  limits  for  engines 
in  tile  appropriate  manufacturer's  technkal 
manual  tor  the  Diesel  Engine  Wear  Limit- Chart 
available  from  m  Nav*al  Sea  Systems  Command. 
In  the  absence  of  such  specific  information,  the 
following  wear  limits  (estabhslied  by  Nav^ea) 
apply  in  general  to:    •     ,  ^  . 

1.  Two-stroke  cycle  engines  with  aluminum 
pistons:  0.0025  inch  jHjr  incii  diameter. 

-  2.  Slow-speed  engines  over  18-inch  bore: 
0.005  inch  per  inch  diameter,  . 

/^3.  .\ii  other  engines;  O.0O3  mch  per  inch 
diameter. 

CYLINDER  HEADS  '  • 

The  liners  or  bp  res  of  an 
internal-combustion    engine    must   be  sealed 


tightly  to  form  the  combustibn  chambers.  In 
most  Navy  engines,  except  for  ehgines  of  the. 
opp6«ed-piston  type,  the'  space  at  the 
,combu$tion  tnd  of  a  cylinder  is  formed  and 
sealed  by  a  cylinder  head  which  is  uaially  a 
separate  unit  frotn  the  block  or  liner>.     ,  ; 

X  number  of  engine  parts  which,  are  essential . 

.  to  engine  operation  may  be  found  in  or  attached 
to  the  cylinder  head.  The  cylinder  head  may 
house  intake  and  exhaust  valves,  valye  guides 
and  valve  seats,  qr  only  exhaust  valves  and 
related  parts.  Rocker  arm  assembhes .  are 
frequently  attached  to  the  cylinder  head.  The 
fuel :  injection  valve  is  almost  always  in  the 
cy Under -h^ad  or  heads  of  a  diesel  engine,  while , 

V  the  spark  plugs  are  always  in  the  cylinder  head 
of  gasoline  "engines.  Cylinder  heads  of  a  diesel 
engine  may  also  be  fitted .  with  air  starting 
valves,. indicator  pocks,  and  safety  valves.     ^ ' 
■   '  ■.         ■  •    .-     ^  "  '  ■ 
Tke  design  and  material  of  a  cylinder  head 
raUM  be  ^ch  that  it  can  withstand  the  rapid 
changes  of  teijiperature  and  pressure,  whifch  take 
place  m  the  combustion  space,  and  the  strSb 
which  results^  froni  the  head's  Jjeing  bolted 
securely  to  the  block.  Cylinder  heads  arc' ahnost 
always  niade  of  h^at-resisting  aUoy  dast  iron. 
•  The  ^number      cylinder  heads  found  on  • 

•engines  varies  considerably.  Small  engines  (5f  the 
in-line  cylinder  arrangement  use  one  head  for  all 

"  cylinderv^  ^ngle  head  sewes  for  all  cylinders  in 
sach  bank  of\ome'V*type  engines.  Large  diesel 
engines  generaUy  have  one  cylinder  head  for 
each  cylinder.  Bbme  engines  use  one  head  for 
each  pair  of  cyUndei;s:  - 

A- cylinder  head  of  the  type  used  to  seal  all 
cylinders  Of  a  block  is  shown  in  figure  3-23.  This 
head  is  used  with  the  block  illustrated  m  figure 
3-1.  Three  heads  of  the  individual-cylinder  type 
are  shown  in  figure  3-24.  The  head  on  the  right 
is  the  type  used  for  each  of  the  cylindenibfJJ^^e 
block  shown  in  figure  3-2.. The. other  two lieads, 
are  used  on  V-type  diesel  engines.  A\;ross 
section  of  the  head  on  the  extreme  left  is  shown  • 
in  figure  3-10. 

■  Coolant  passages,  common  to  most  cyUnder 
heads,  a^e  provided  in  each  of  the  heads  shown 
in  figure  3-24.  The  coolant  enters  the  head  from 
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the  cylinder  Wock  or  liner  and  cods  the  he^d 
and  attached  parts,  the  connection  between  the 
coolant  passages  in  blocks  or  liners  and  the  head 
vwll  vary.  "&ich  connections  may  consist  ;of 
fcmjlcs  (fig.  3-10),  or^ similar  connections,  or 
outside  jumper  lines*  (See  chapter  12  for 
additional  information  on  'engine  cooling 
systems,)  '  [' . 

Conditions  requiring  repair  of  a  cylinder 
head  are,  in  many  ways,  similar  to  those 
eiu;ountered  in  cylinder  liners,  and  can  be 


grouped,  in  general,  under  cracks,  corrosion, 
distortion,  and  fouling.  :  ' . 

*  * 

'Cracks.  ■  '.'  ^" "  ' 

The  symptont^s  of  a  cracked  cylinder  head 
are  the  same  as  those  of  a,  cracked  liner.  Cracks 
in  cylinder  heads  are  best  located  by  visual 
inspection  or  a  magnetic  powder  inspection.  On 
some  types  of  engines,  a  defective  cylinder  can 
be  located  by  bringing  the  piston  of  each. 
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■  cylinder,  in  turn,  to  top  dead  center,  and 
applying  compressed  air.  When  air  isapplied  to  a 
damaged  cylinder,  a  bubbling  sound  -indicates 
leakage. 

When  removed  from  the  engine,  the  cylinder' 
head   can  be  checked  for  cracks  by  the 
hydrostatic  test  that  is  used  on  cylinder  Unera 
equipped  with  integral  cooling  passages.  . 

Cracks  generaUy  occur  in  cylinder  heads  on 
the  narrow  metal  sections, between  aich  parts  as : 
valves  and  injectc^s.  The  cracks  may  be  caused 
by  adding  cold  water,  to  a  hot  enginery 
restricted  cooling  passages,  by  obstructions  in 
the  combustion  space,  or  by  improper  tighteaiing' 
of  studs.  ; 

Aboard  ship,  cracked  cylinder  headsusually 
must  be  replaced.  It  is  possible  to  repair  them  by 
welding,  but  this  process  requires  special 
equipment  and  highly  skilled  personnel  nomially 
found  only  at  repair  activities. 

.A  ■     ■  '  .  ■  ■- 

Corrosioif 

-  %  •  i'M      ■    ...         •  . 

Bui^iTg  and  corrosion  of  the  mating  surfaces 
of  a  cylinder  head  may  be  caused  by  a  defective 
gasket  Although  regular  planned  maintenance 
ordinariiy-prevents  the  occurence  of  this  type  of 
tnSuble^  burning  and  corrosion  may  take  place 
-under  certain  conditions.  When  coirosion  and 
burning  occur,  there  may  be  a  ios&  of  power  as  5 
result  of  combustion  gas  leakage  or  water 
leakage  into  the  combustion   space.  Other 
symptoms  of  leakage  may  be  (I)  hissing  or 
sizzling  in  the  area  of  the  head  where  or 
water  may  be  leaking  between  the  cylinder  head 
and  the  block,  (2)  bubbles  in  the  expansion  tank 
sight  glass,  or  (3)  overflow  of  the  expansion 
tank.  . 

Gaskets  and  grommets  that  seal  combustion 
spaces  and  water  passages  must  be  in  good 
^  condition;  otherwise  the  fluids  will  leak  and 
-cause  corrosion   or  burning   of  the  areas 
contacted.  Improper  cooling  water  treatment 
may  also  accelerate  the  rate  of  coirosion. 

In  general,  cylinder  heads  that  are  bumed%r 
corroded  as^  a^  result  of  gas  or  watej  leakage  are 
damaged  to  such  an  extent  that  they  must  be 
replaced.  > 


Distortion 

Waipage  or  distortion  of  cylinder  .heads  is 
apparent  when  the  mating  surfaces  of  the  head 
and  block  faii,to  match  pfopcrly.  If  distortion  is 
severe,  the  head  will  not  jfit  over  the  studs. 
Distortion  may  be  caused  by  improper  welding 
technique  in  the  repairing  of  cracks  or  by 
improper  tightening  of  cylinder  head  studs. 
Occasionally,  new  heads  may  be  w^d  because 
ofimproper  casting  or  macl^ning  processes.  \ 

Repair  of  distorted  or  dama^d  cylinder 
heads  is  often  impracticable.  They  should  be 
replaced  as  soon  as- possible  and  ttimed  in  tO  the 
nearest  aipply  activity  which  will  determine  the 
extent  of  damage  and  tb$.method  of  repair. 

Fouling 

If  the  combustion  spaces  become  fouled,  the 
efficiency  xif  combustion  wiU  decrease. 
Combustion  chambers  are  designed  to  create  the 
desired  turbulence  for  mixing  the  fuel  and  air; 
any  accumulation  of  carboli  deposits  in  the 
space  wiD  impair  both  turbulence  and 
combustion  by  alterihg  the  shape  and  decreasing ' 
the  volume  of  the  roitoustion  chamber. 

Symptoms  of  fouUng  in  the  combustion 
spa(xs  are  smoky  exhaust,  loss  of  power,  or  high 
compression.  Such  symptoms  may  indicate  the  . 
existence  ,  of  extensive  Carbon  formation,  or 
clogged  passages,  In  some  engines,-  these 
symptoms 'indicate  that  the  shutoff  vabes  for 
the  auxiliary  combustion  chambers  are  stuck. 

Combustion  .  chambers .  may  also  become 
fouled  because  of  faulty  injection  equipment, 
improper  assembly  procedures,  or  excessive  oil 
pumping.  V 

aeaning  of  fouled  combustion  ^aces 
generally  -involves  removing  the  carbon 
accumulation.  The  best  method  is  to  soak  the 
dirty  parts  in  an -approved  soh'ent  and  then  wipe 
off  all  traces  of  carbon.  You  may  use  a  scraper 
to  remove  carbon,  but  be  careful  to  avoid 
damaging  the  surfaces.  If  oil  pumping  is  the 
cause^f  carbon  formation,  ch^ck  the  wear  of 
the  rings,  bearings,  pistons,  ^djjsibfs.  Replace 
.  o^-  recondition  excessively  worn  psrh.  Carbon 
fop»^tion  reciting  from  improperly  assembled 
parts  can  be  avoided  by  following  the  procedure 
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described  in  the  'm^facturer's  t^:hn^ai  ; 
manual  ,  , 


CYLINDER  HEAD  STUDS 


.  hi  most  installations,  the  seal  between  the 
cylinder  head  and  the  block,  depends  prindpaliy 
upon  the  studs  and  ^skets.  The  studs,  or  stud 
bolts,  secure  the  cylimkr  head  to  the  cylinder 
block.  A  gasket  between  the  head  and  the  block 
is  compressed  to  form  a  seal  when  ^the  head  is^ 
properly  tightened. 


Round  rod,  generally  of  alloy  steel,  is  used 
for  cylinder,  head  STUDS.  Threads  aie  cut  on 
both  ends,  and -those  that  screw  into  the  block 
are  gcnertlly  of  a  much  tighter  fit  than  those  on 
the  nut  end.  A  tighter  fit  |n  the  block  aids  in 
preventing  the  stud  from  unsarewing  when  the 
stud  nuts  are  removed^  Usually,  studs  which  are 
in  good  condition  should  not  be  removed  from 
a  cylinder  block.  .  ' 

Sets  of  cylinder  head  studs  m  position  in. 
cylinder  blocks  can  be  seen  in  figure  3-2  and  3-3.^ 

All  stud  nuts  should  be  tightened ^uaUy 
and  in  accordance  with  specifications  given  in 
the"  manufacturer's  technical  manual- 
Overtightening  is  as  undesirable  as 
undertightening^ .  Sometimes  studs  that  are 
Tclatively  inaccessible  are  neglected  during  tlw 
periodic  checks  for  tightness.  Such  an  oversight 
may  result  in  studs  coming  loose  vid  failing. ' 

When  installing  stud  nuts,  the  threads  of  the 
studs  and:  the  nuts  should  be  carefully  cleaned 
by  wire-brushing  and  applying  ah  approved 
solvent  Cleaning  will  minimize  wear  and 
distortion  of  threads  resulting  from  dirt,  as  well 
as  increase  the  accuracy  of  the  torque  wrench 
readings.  (It  is  evident  that  a  higher  torque 
wrench  reading  will  he  necessary  to  reach 
required  tensipn  when  the  threads  are  dirty  than 
when  they  are  cleaned  and  well  lubricated.) 

Figure  3-25  illustrates  an  order  for 
tightening  studs  ior  two  types  of  cylinder  h^ads. 
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This  order  is  not  a  hard  and  fast  rule  but.can  be 
followed  in  the"  absence  of  more  specific 
information.  Stpds'  arc  generally  tightened 
sufficiently  to  seat  the'  cyUnder  head  lightjy, 
'finger  tight.  At  least  two  or  three  rounds  of 
tightening  should  be  macte  before  bringing  all 
stiids  up  to  the  specified  torque.  • 

Even  tljough  gasket  design  is  quite  varied,  all 
GASKETS  Kave  "compresdbinty"  as  a  common 
property..  The  principle  by  which  this  property 
is  ^t  to  use  in  forming  a  seal  between  mating 
parts  is  illustrated  in  figure  3-26.  Two  types  of 
gaskets  are  shQwn  in  figure  3-27. 
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FiflOfi  3-27.~Typ«f  of  ftuktu, 


Tlic  mating  surfaces  of  a  cylinder  block  and 
head  may  appear  to  be  quite  smooth;  however, 
if  highly  magnified,  existing  irregularities  can  be 
seen  in  the  surfaces,  as  illustrated  in  part.  A  of 
figure  3-26.  Such  irregularities,  though  slight;  are 
sufficient  to  allow  leakage  of  the  combustion 
oil  or  coolant  unless  some  compressible 
material  is  used  between  the  mating  surfaces. 
The  manner  in  wj|ich  compressible  gasket 
material  (ills'  the  openings  caused  by  the 
irregularities  of  the  two  mating  surfaces  is 
illustrated  in  B  of  figure  3-26.  . 

,  Material  used  in  the  manufacture  of  gaskets, 
varies  as  widely  as  does  gasket  design.  Gaskets 
are  made  from  copper  and  other  relatively  soft 
"metals,  laminated  steel  sheets,  fiber,  cork, 
rubber,  synthetic  rubber;  and  a  combination  of 
materials  such  as  copfwr  and  asbestos. 
Combinations  of  gaiskets,'-  seai  .riijgs,  and 
grommets  or  similar  devices  may  be  used  to 
prevent  leakage  of  oiU  water,  and  gas  between  a 
cylinder  block  and  head. 

V  leakage  is  the  chief  trouble  encountered 
with  gaskets.  Leakage  becomes  apparent  when 
the  compression  pressure  becomes  low,  resulting 
in  starting  difficulties,  or  when  fluid  escapes 
between  -the  head  and  block.  Sometimes  there 
may  be  no  external  leakage  from  a  defective 
gasket.  The  only  way  to  positively  determine 
internal  leakage  is  by  .  removing  the  cylinder 
head. 

Leaky  gaskets  may  be  the  result  of  a 
permanently    compressed    gasket,  improper 


.  tightening  of  cylinder  head  stud  nuts,  careless 
^  Ins^llation  of  the  gasket,  or  thetnst^tion  of  a 
■  damaged  or  defective  gasket. 

After  prolonged  use,  gaskets  become 
permanently  coinpressed  and  lose  their  ability  to 
'conform  to ,  irregularities  in  the  machine 
surfaces.  Lakkage  will  occur  past  the  gasket,  and 
the.  operator -will  attempt  to  stop  the  leakage  by 
tightening  the  holddbwn,  or  cylinder  head,  nuts- 
A  gasket  in  very  poor  condition  may  not  stop 
leakage  even  though  the  nuts  are  pulled  up  to 
the  breaking  point.  If  a  gasket  is  torn  or  burned 
,  across  an  area  that  must  be  sealed,  it  should  be 
renewed.  Gaskets  shou4d  be  removed  and 
renewed  in  accordance  with  the  engine 
manufacturer's  instructions.      ,  '  ^ 

Gaskets  may  also  be  dam;jged  by  tightening 
the  head  nuts  unevenly  or  insufficiently.  Figure 
3-28  illustrates  a  condition  that  may  occur  if  the 
nuts  are  tightened  unevenly.  That  portion^ of  the 
gasket  below  the  tight  nuts  may  Ijecpme  pinched 
^  or  cut,  particularly  where  the  mating  surfaces  or 
the  head  and  cylinder  are  not  perfect  planes. 

If  the  nuts  are  riot  tightened  to  the  specified 
torque  .wrench  reading,  the  gasket  may  not  be 
compressed  sufficiently  ta  cause  it  to  conform 
to  the  irregularitit^  in  the  machiiied  surfaces. 
Hiis  will,  prevent  proper  sealing  and  allow 
blowby  of  the  combustion,  gases,  burning  of  the 
gasket  material,  and  may  result  in  complete 
failure  of  the  gasket. 


ERIC 


.TtGHT  STUD 


LOOSE  STUD 


.GASKET  CUT  (PiMCHEO^ 
AT  THIS  POINT 


GASKET 


Fjgurt  3-28. -Effect  of  uMveit  tighttnins  on  •  gttkat 


5^ 


Chapter  3~PRINC1PAL  STATIONARY  PARTS  OF  AN  ENGINE 


A  different  type  of  mounting  involves  the 
use  of  handfitted  chocks,  or  blocks,  between  the 
enjgine  and  the  stijjcture  of  the  siiip.  Bolts  are 
used  to  secure  the- engine  rigidly  in  place  and  to 
maintain  alignment;  A  mounting  of  the  block 
type  is  used  with  the  engine  base.shown  in  figure 
3-6.     ■      .■  .  .  ■ ,  - 

SECURING  DEVICES 

The  securing  devices  used  to  fasten  a  subbase 
to  the  structure  of  a  ship  may  be  classified,  in 
general,  as  rigid  or  flexiblel  Propulsion  en^nes 
are  secured  rigidly  to  avoid  raisalignmeht 
between  the  eij^e,  reduction  gear  (or  other 
driven  mechanisms),  and  the  propeller  shaft 
Engines  which  drive  auxiliary  equiprnent  may  be 
secured  by  either  rigid  or  flexible  devices.  ^ 

Bolts 

In  installations  where  rigidity  is  of  prime 
importaiKe,  bolts  are  used  as  the'  securing 
devic^  Flexible  securing  devices  are  generally 
u^gdoetwean  the  subbase  of  a  generator  set  and 
iTie  ship's  stmcture.  Flexible  devices  may  be 
placed  between  the  engine  and  the  subbasiig. 
Although  flexible  deVic^  are  not  necessary  for 
every »,tyf«  of  generator  set,  they  are  desirable 
for  generator  sets  which  are  mounted  near  the 
side  of  the  hull,  in  order  to  reduce  vibration. 
Flexible  devices  also  aid  in  preventing  damage 
from  shock  loads  imposed  by  external  forces. 

Flexible  sequring  devices  are  of  two  general 
types>  the  vibration  isolator  and  the.  shock 
absorber.  Both  types  may  be  incorporated  in 
one  device. 


When  installing  a  gaisket  over  the  sbxds,  y<xi 
must  he  careful  NOT  to  bend,  tear,  or  break  the 
g^et.  In  some  |nstaiIations,  the  g^ets  do  not 
surround  the  studs  b^t  can  be  placed  in  recesses 
either  in  the  cylindter  block  or  the  cylinder  head; 
you  must  position  the  gasket  propedy  in  the 
recess  to  avoid  cutting  or  pinching  it  when  the 
head  is  pulled  down.  In  addition,  it  is  important 
that  you  iise  the  correct  ^type  of  gasket;  a  gasket 
of  improper  dimensicms  may  prevent  proper 
sealing- of  the  cylinder  head  on  the  cylinder 
block,  and  n^sult  in  stud  bresdcage  as  well  as 
burned  surfaces.  ^  -  • 


ENGINE  MOUNTINGS 


The  devices  used  to  secure  an  engine  in  place 
are  not  art  actual  part  of  the  engine.  However,  a 
discussion  of  these  devices  is  included  here  since 
they  are  obviously  essential  for  installation  | 
purposes  and  since  they  serve  an  important  part 
in  reducing  the  possibility  of  daniage  to  an 
engine  and  the  inechanism  which  it  drives. 

Different  terms  are  used  to  identify  the 
ckv ices  that  secure  an  engine  to  a  ship*  Such 
terms  as  base,  subbase,  bed,  frame,'  rails, 
mountings,  and  Securing  devices  appear  in 
varicHis  engine  techdical  manuals.  To  avoid 
confusioa  with  the  en^e  base  already  discussed 
in  this  chapter,  we  will  use  subbase  to  describe, 
the  supporting  and  connecting  pedestal  between 
an  engine  and  the  structure  of  a 'ship.  We  will 
identify  the  devices  used  to  fasten  the  subbase 
to  the  ship  as  securing  devices,  ^ 


SUPBASE 


The  size  and  design  of  the  subbase  depends 
on  the  -engine  involved  and  its  use^  In  many 
installatioj^,  the  engine  and  the  mechanism 
which  it  drives  are  mounted  on  a  common 
subbase.  One  advantage  of  mounting  both  units 
oh  a  common  subbase  is  that  misalignment  is 
less  likely  tlian  when  the  units  are  mounted 
separately.  Diesel  engine-generator  setT^are 
usually  secured  to  a  common  stubbase.  / 


Vibration  Isoidtm*  ; 

The  isolator  is  designed  to  absorb  the  forces 
of  relatively  minor  vibratibns,  which  are 
c<Mnmon  "to  an  operating  en^ne.  Such  vibrations 
are  referred  to  as  high-frequency, 
small-amplitude  vibrations,  and  they  result  from 
an .  unbalanced  condition  aeated  by  the 
movemenf  of  operating  engine  parts. 

Isolators  may  be  equipped  with  coil  springs 
or  flexible   pads  to  absorb  the  energy  or 
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.  ibratlon.  An  isolator  reacts  in  the  same  manner, 
whether  it  is  of  the  spring  type  or  oV  the  flexible 
pad  type:  Examples  of  both  types  of  isolatore 
ar^  shown  in  figure  3-29.  Four  or  more  spring 
type  isolators,  shown  in  part  A  ai«  used  to 
support  a  generator  set  The  ftexible  p^d  or 
"rubber  sandwich'*  type  isolator,  shown  in  part 
B,  is  used  for  mounting  small  Navy  engiijes.  The 
rubber  block  in  the  isolator  shown  is  bonded  to 
sted  plates  which  are  fitted  for  attachment  to 
the  engine  and  aibbase.  / 

Shock  Absorbers 

Shock  absorbers  are  used,  to  at^orb  vibration 
forces  which  arc  greater  than  those  originating  in 
the  engine.  Such,  fences,  or  shock  loads,  may  be 
induced  by  the  detonation  of  depth  charges, 
torpedoes,  bombs,  eta  The  shock  absorber 
operates  on  the  principle  of  the  vibration 
isolator  but  incorporates  an  additional  device  to 
protect  the  engine  itgainst  severe  shock  loads.  A 
common  type  of  shock  absorber  in  use  in  the 
Navy  is  illustrated  m  figure  3-30.  .   .'  \ 
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CHAPTER  4 

PRInOPAL  A/VOVING  AhD  mATED  PARTS 


'  Many  of  the  ^ipirincipal  pai1|  that  "are 
moujited  within  the  main  structure  ^  an  engine 
are  moving  parts.  These  moving  parts  con>wft 
the  power  developed  by  comhistion  in  the 
cylinder  to  mechanical  energy  which  is  then 
available  for  yseful  work  at  the  output  jshaft. 

In  this  chapter  we  will  discuss  the  moving 
ited  parts  that  seal  and  compress  gases  in 
ider  and  transmit  the  power  developed 
cylinder.  We  will  also  discuss  the  jacking 
;r  parts  that  are  needed  to  develop  and 
transmit  power,  such  as  timing  gears  and  gear 
trains,  are  discussed  in  later  chapters  of  this 
majiual.  * 


VALVE  MECHANISMS 

Valye  mecjimnisms  of  different  engines  may 
vary  considerably  in  constiuctipn  and  design, 
even  though  the  function  remains  the  same.  The 
basic  types  of  valve  mechanisms  arc  described 
bricOy  in  Firent(m,  NAVEDTRA  10520-E  We 
will  go  into  more  detail  in  the  foUoMidng 
paragraphs  with  ^ditional  inform atiorii  on  valve 
mechanism  trouli^essJE^pter  5  of  this  manual 
describes  the  operation  of  valve  mechaniims  in 
various  types  of  en^es.  ' 

VALVES 


^Intake    and    exhaust   valves   used  in 
internaKombustion  engines  are  of  the  p^pet 
\,  type.  Poppet  valves  hkve  heads  with  cone^H^d 
or  beveled  edger  and  a  bevel  seat«  which  ^ 
the  valvfg  a  self-centering  action. 


Exhaust  valves  are  usually  made  of 
silicpn-chromium  steel  or  steel  alloys.  Usually, 
there  is^4iigli  coritient  of  nickel  and  chromium 
included  in  th>  steel  or  alloy  to  resist  cofrpsic^ 
.  caused  by  high-temperature  ^;ses.  A  hard  alloy, 
such  as  Stellite,'is  often  welded  to  the. seating 
surface  of  the  valve  head  and  to  the  tip  of  the 
valve  stem.  The  hard  alloy  increases  the  wearing 
qualities  of  the  surfaces  which  make  contact 
when  the  -  valve  closes.  Low-ailloy  steels  arfe 
generally  u^d  for  intake  valves  because  these 
valves  are  not  exposed.  19, the  coir^^ve  action  of 
^e  hot  exhWt  ga^.^ 


/  ■ 


Sodium  is  used  in  some  exhaust  valves  to  aid 
in  cooling  the  valves.  The  lioilp,w  valve  stems  are 
partly  filled  with  sodium.  At  engine  operating 
temperatures,  the  sodium  melts  and  splashes  up 
and  down  inside  the  valve.  The  sodiuip  is  a  very 
effective  Way  to  transfer  the  heat  from  the  hot 
exhaust  valve  head  through  the  stem  and  valve 
guides  to  the  engine iJOoling  system.  .  , 

■  .■  ■    "  ■ 

Regardless  *  of   differences   in  engine 

construction,  certain  troupes  are  common  to  all 

applicable  parts  of  valve  assemblies. 

Intake  valves  generally  give  longer  periods  of 
trouble-free  operation  than  exhaust  valves 
because  the  operating  temperature  of  the  intake 
valve  is  lowered  by  the  air  that  enters  the 
-Cylinder.      -    —  


( 


Sticking  Valves 


Sticking  valves  vyiU  cause  an  engine  to 
^misfire  and  will  produce  unusual  noises  at  the 
mtn  follower,  push  rod,  and  rc^cker  arm. 
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Improper  lube  oil  or  improper  fuel  will  leave 
RSSINOUS  PEPOSITS  whidi,"  if  allowed  to 
accumulate,  V^niay  cause  valves  to  stick. 
Sonn?times  a  mixtute  of  half  lube  onjjfi(£  half 
kerosene  is  used  to.  remove  j^simr-^liffir should 
NOT" bemused  except  oiyj?$rts^tha(t  have  been 
removed  from  the  ..engilte,  since  an  amount  of 
this  mixtm^  settling  in  the  cylinder  could  c  ause 
a  serious  explojion.  There  aixi  i  number  of 
'  Navy-approved  commercial  products  t^at  can  be 


a    complete    disassembly  is 


iised  when 
impracticable. 

'3ent  Valves 


■  A  valve  that  hangs  open  not  only  prevents 
the.  cylinder  from  firing,  but  is  likely  to  .be 
struck  by  the  piston  an'd  bent  so  that  ifi^'nhot 
seat  properly.  Symptoms  of  warped  or  slightly 
bent  Valves  will  usually  show  up-in  the  form  of 

"damage  to  the  surface  of  the  valve  head.  To 
lessen  the  possibiUty  that  cylinder  head  valves 
will  be  bent  or  damaged  during  overhaul, 
NEVER  place  a  cylindet  bead  directly  on  a  steel 
deck  or  grating;  use  a  protective  material  such  as., 
wood  or  cardboard.  NEVER  pry  a  Valve  open 
with  a  screwdriver  or-amilar  tool. 


Weak  Springs 


Valves  may  close  slowly,  or  fajl  to  close 
completely,  because  of  weak  springs.  At  high 
specds,^valves  may  '♦float,*'  thus  reducing  engine 
efficiency.  Valve  springs  wear  quickly  when 
exposed  to  excessive  temperatures,  and  to 
corrosion' from  moisture  combining  with  sulfur 
that  is  present  in  the  fuel.  / 

Burned  Valves 

Burned  valves  arc  indicated  by  irregular 
exhaust  gas  temperatures  and  sometimes  by  an 
excessive  noise.  In  general,  the  principal  ^pauses 
Of  burned  valves  are  carbon  depoats,  insufficient 
tappet  clearance,  defective  valve  seats,  and  valve 
hcadsthat  have  been  excessively  reground. 


Tlie  principal  cause  o£  burned  exhaust  vaWes 
is  small  particles  of  carbon'  that  lodge  between 
the  valve  head  and  the  valve  seat.  These  particles 
come  from  incomplete  combustion  of  the  fuel 
or  oil  that  is  left  by  the  piston  rings  in  the 
cylinder.  The  particles  hold  the  valve  open  just 
enougli  to  allow  the  combustion  gases  to  pas&,  or 
leak,  at  high  enougli  velocities  and  temperatures 
to  cause  the  valve  head  to  bum.  The  valve  seat 
seldom  bums  because- the  water  .  jackets 
surrounding  the  seat  usually  provide  enough 
cpoUng  to  Iceep  its  temperature  below  a 
dangerous  point.  The  valve  is  cooled  by  several 
means,  including  its  ointact  with  the  valve  seat. 
When  carbon  particles  prevent  contact,  the  heat 
normally  transferred  from  the  valve  head  to  the 
seat  j;emains  in  the  val^  head. 
'  wfiQji  cleaning  caibon  from  cylinder  heads, 
remove  ail  loose  particles  from  the  crevices;  be 
extremely  careful  so  that  yoii  do  not* nick  or 
scratch  the  valve  or  seat.  Removing  the  valves 
from  the  engine  will  make  it  easier  to  dean  the 
passages  and  rcriiove  the  carbon  deposits  from 
the  underside  of  the  valvHieads. 
^  You  should  check  ms  tappet  cletrarice 
adjustments  at  frequent  initerv^  to  be*  certain 
that  they  are  correct  and  that  the  locking 
devices  are  secure.  The  adjustment  of  .valve 
clearances  is  discussed  later  in  tMs  chapter. 

Mcst  engines  are  equipped  with  valve  seat 
inserts  made  of  hard,  heat-resisting,  ailloy  steel. 
Occasionally,  a  seat  will  cnck  and  allow  the  hot 
^ases  to  leak,  burning  both  the  insert  and  the 
valve.  Sometimes  a  poor  contact  between  the 
valve  seat  insert  and  (XJunterbore  prevents  the 
heat  from  being  -conducted  away,  and  the  high 
temperatures,  which  result,  deform  the  insert. 
When  this  occurs,  both  the  s«at  and  the  valve 
will  bum;  the  seat  insert  must  be  replaced. 

Loose  Valve  JSeats 

■    ;  • 

Loose  valve  seats  can  be  avoided  only  by 
'  proper  installation.  '  Clean  the  countifrbore 
thorouglily  to  remove  all  carbon  Mforc 
shrinking  in  .  an  insert.  Oiill  the  valve  seat  with 
dry  ice  and  place  the  cylinder  head  in  boiling 
water  for  approximately  30  minutes;  then  drive 
the  insert  into  the  counterbore  with  a  vaJve 
insert  installing  tool,  as  illustrated  in  figurfe  4-1.  . 
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Never  ftrifce  a  valve  seat  directly.  The  driving 
opwrstion  must  be  done  quickiy,  before  the 
•intert  reached  the  temperature  of  the  cylinder 

head-  .  . 

When  replacing  a  damaged  valve  with  a  «ew 

one,  inspect  the  valve  guides  for  excessive  wear. 

If  the>  valve  moves  from  side  to  side  as  it  |eats,  ; 

you  must  replace  the  guii^s.    I  v 

Pittiiig'  -  ,  '■     ,  V    ' ,  \  'v  "'X  -   ■  V  , 

If  the  valve  seat  is  secured  f«|»ly  w  th&^^S^  ^ 
counterbore  and  is  free  of.cj^cks  and  tens,  Vput^^^-.f 
may  remove  slight  damage  ^Sucli,  as'^J^ttirig  py ^  ' 
hand  grinding  (fig.  4-2).  Gcnof^Uyi  yAu  M^iU 
Prussian  bliw  to  check  the  yalyfe,  and  vt^ve'  s^af,  - ;  V 
but  if  this  is  not  available,  use  «jiy  thin  <iark  b^  ^'  J. 
paint.  Allow  the  valve  to  seat  droppift|  it  ori>: ; V 
the  valve  seat  from  a  short  diitgnt^jp  the  is^  a 
surfaces  fail  to  jnake  -comp^tf  MpSi 
regrinding  is  necessary.  In  any  valv? 
reconditioning  job,  the  valve  seit  '  must  be 
\;|Conccntric  with  the  valve  ^  guide .  '  Vou  ca^  , 
determine  the  concentricity  wi$h  ■  a.  diai*; 
indicator,  as  shov»m  in  figure  4-3.  ' 

H*nd-grinding  methods  should  b€  held,  to  a ' 
minimum  and  never  used  in  place  of  machine 
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RguN  4*Z~H«Ki  gnncfoHi  a  valva  Mad  vaivt  M«t 


Figure  #.3.-^tMnnining  conc«itHcij 
«nth  •  ifidieiibr. 


>ncf«trici|^  tw  wahft  Mat 
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BfMrt  44>  Machine  ghmiing  •  vjlve  tMt 


grinding,  in  a  grinding  stone  is  uied  to 

•  refimsh  the  scat  (fig.  4-4).  To  machine  grind, 
place  the  stcme  m  the  pilot  (fig.  4-3)  and  engage 
the  grinder.  Grind  the  seat  a  few  seconds  at  a 
time  and  check  the  seat  after  each  cut  until  it  is 
free  of  pits  .  , 

The  objection  to  hand-grinding  the  valve  to 
the  seat  is  that  a  groove  or  indentation  may  be 
foni«d  in  the  valve  face.  Since  the.  grinding  is 
done  when  the  , valve  is  cold,  the  position  of  tiie 
gtoove  with  respect  to  the  seat  is  displaced  when 
the  engine  is  running,  because  of  the  extreme 


temperatures  of  the  valve  head  over  the  valve 
seat.  Such  a  condition  is  illustratdi  (greatly 
exaggerated)  in  figure  4-5,  Note  that  when 
"hot,"  the  •ground  surface  of  the  valve  does  liot 
make  contact  at  with  the  ground  surface  of 
•  -the  seat.  There fioi^,  .hand  grinding  should  be 
used  only  to  rcraoveXslight  pitting  or  as  the  final 
ind  finishing  operation  in  a  valve  rcconditidning 
job.  V  - 

Some  valves  and\ seats  are  not  pitt^ 
sufficiently  to  require\replacement  but  arc 
.pitted  to  such  an  extent  that  hand  grinding 
-  wouW  be  unsatisfactory.  \Such  valves  may  be 
refaced  on  a  lathe  (fig.  and  Ithe  valve  seats 
may  be  reseated  by  powfrVinding  equipment 
(fig.  4-4);  Normally,  these  oj^atiohs  are  done  at 
a  repair  base  ortiaval  shipyard.      \  - 

.  Valve  heads  that  are  excessivelv  regiound  to 
.  such  an  extent  that  the  edge  is  sharp,  or  almost 
^jdiarp,  wili  soon  bum.  A  sharp  (^ge  cannot 
'conduct  the  heatr  away  fast  enough,  to  prevent 
burning.  It  is  this  factor  that  limits  the  extent  to  - 
|Whidi  a  valve  may  be  refaced. 

Broto  Valvc^rings 

Broken  valve  springs  cause  exqsssive  valve 
noise  and  may  <»^use  erratic  exhaust  gas 
tem$>eratures.  The  actual  breakage  of  the  valve 
springs  is  not  always  the  most  serious 
consequence.  When  a  spring  breaks,  it- may 
collapse  just  enough  to  allow  the  valve  to  drop 
into  the.  cylinder  where  it  may  be  struck  by  the 
piston.  In  addition,  the  valve,  stem  locks  or 
keepers  may  release*  the  valve  and  alkjw  it  to 
drop  into  the  cylinder;  causing  severe  damage  to 
the  pistonV  cylm^r  head,  and  other  neaity 
parts..  ■     \  7 

A  numbeXci/pi^cautiohs  can  be  taken  to 
prevent  or  minimize  corrosion  and  metal  fatigue 
wliich  caus^  valve  spring  to  break.  Be 
Reasonably  careful  when  assembling  md 
disassembling  the  valve  assembly.  Before 
reassembly,. -be-, ^ure  the-  valve  spring  i$ 
thorouglily 'cleaned  and  inspected.  (Use  kerosene- 
or  diesel  fuel  for  cleahihg.  NEVER  use  an 
alkaline  solution;,  it  will  remove  the  protective  - 
coating.)  The  condition  of  the  surface  of  a  valve  . 
spring  is  the  best  indication  of  impending 
failure.  CUse  magnafluxing  to  help  %d  j?xi^ks 
which  wouki  otherwise  b«  invisible.)  ^ 
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The  free  length  of  a  valve  spring  should  be 
.within  the  limits  specified  in  the  manufacturer'^ 
technical  manual,  if  such  information  is  not 
available,  compare  the  length  of  a  new  spring 
with  that  of  the^used  spring.  If  the  length^ofthe 
used  spring  is  more  tlian  3%  shorter  than  that  of 
the- flew  spring,  the  used  spring  should  4>e 
.replaced  immediately,  Rememberyijowever,  thaK 
loss  of  spring  tension  will  NOT.  always  show  up 
as  a  loss  in  overall  length.  Sprin^may  be  the 
■^  proper  length  but  they  may  ha^ijgst  enough 
tcaision  to  warrant  replacement*: 

Springs   with   nicks,   craiats,  or  surface 
conrosion  must  NOT  be  reinstalled  in  the  engine. 
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When  the  protective  coating  is  nicked,  apply  a 
new  coating.  To  minimize  corrosive  conditions, 
use  clean  lube  oil,  eliminate  water  leaks,  and 
keep  vents  open  and  clean/ 

Worn  Valve  Keepers  and  / 
Ret^uig  W^bets      •  -  . 

■  .  '  .  .■ 

Worn  valve  keepers  and  retaining. washers' 
may  result  if  valve  stem  caps  (used-  in  some 
engines)  are  improperly  fitted.  Such  caps  are 
provided  to  protect  and  increase  the  service  life 
of  the  v^lve  stems.' trouble  occurs  when  the  cap 
does  not  bear  directly  on  the  end  of  the  ^tem, 
but  bears  instead  on  the  valve  stem  iocks  or 
spring,  retaining  washer.  This  transmits,  the 
actuating  force  from  the  cap  to  the  locks  or 
retainmg  washer,  and  then  ttJ  the  stem,  causing 
ex(»ssive  wear  on  the  -  stem  grooves  and  valve 
stem  locks.  As  a  result,  the  retaining  washes  will ' 
loosen  and  the  valve  stems  may  break. 

An  improper  fit  of -a  valve  stem  cap  may  be 
due  to  the  use  of  improper  parts  or  the  omission  , 
of  spacer  shims.  Steel  spacer  shims,  required  in 
some  caps  to  provide  proper  cteafrahce,  are 
placed  l^tween  the  ends  of  the  valve  stems  and 
the  caps;  leaving  out  the  shims  wiU  cause,  the 
shoulder  of  the  cap  to  come  in  contact  with  the 
jocks."- When  disassembling  a  valve  assembly, 
determine  whether  or  not  shims jtfe  used.  If  so,  • 
tecord  their  location  and,  exact  ntWckness.  Valve 
caps  must' be.  of  the  proper  stee,  or  troubles 
similar  to  those  resulting  from  shim  omission  , 
will  occur.  Never  attempt  to  use  cajps  or  any 
other  valve  iissembly  parts  that  are  worn. 
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Bcakcn  Valve  Heads' 


Broken  vai^ve  heads  usually  cause  danjage  to 
'  Uie  piston*!  liner,  cylinder  head*  v^nd  other 

:ass0ciitcd  parts  and  axp  generally  repairable  5nly 

by  *eplac^ent  of  these  parts. 

Whether  the:  Causes  of  broken  valve  hekis  are 
Amwhan^  dcfonnatioh  or  mctaL  fati^u^,  ybu 
^  mu»t-;"1tjy  eveiy  precaution  to  prevent^^eir 
.*\  °<^fwn«"«-  If  a  valye  head  breaks.  JoiSe, 'you 

must  malt©  a  .thorough  ijTspectioni '  of  all 
— laisociated  parts  b&for*  making  a  rei>lacem0it;  ; 

.   ■  .' -'V  ■ 

ROCKER  ARMS  Alto  • 
;  PUSH  RODS      ^  ;  :    '  • 

iRcj^Kcr  arms  a»'part  of  the  valve  actuating 
:  m^chanisin*/ pivQtiiig  jon  a  pivot  pin  or  shaft 


secured  to  a  bracket  'nicwnted  on  the  cylinder 
head.  One  end  of  a  rpcker  arm  is  in  contact  v^rith 

.  -the  top  of  the  valve  stem,  and  th^  pther  end  is 
actuated  by  the  camshaft.  In  some  installations 
where'  the  qimshaft  is  located  near,  the  cylinder 
head,  the  rocker  aim  may  be  actuated  from  the 
cam  by  tiie  use  of  iiardened:steel  rollers  (fig. 

'  4-7>.  In  installations  where  the'  camshaft  is, 
located  below,  the  cylinderJiead,  the  rocker  arms 
are.  actuate^d  .by  push  rods.  Onfe  rocker  arm  and  a 
bridge   (fig.   4-7)  may  be   used',  in  .some 
installations  to  ope|i  two  valves  siimaitanedusly. 

:    The  principal  ,  trouble  that  rocker  arms  and 
push  rotls  may  have  is  WEAR  which  may  odcuf . 
in  bushings,  or  on  the  pa^,  qjd  fitthigs^  or 

.  tappet  a4iusting  screws.     ^  - 

■  -      ■  ■  '  -  .^  ■  . 

Worn  ./rpcker  arm  butogs  are .  usually  caused  * 
by  .  lubricating?  ipil  problems.  A  bushing  with 
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excessive  war  inust  be  replaced.  When  instaUing 
a  new  bushing',  you  usually  need  to  use  a  reamer 
for  the  final  fit, 

•►Wear  at  the  points  of  cDntact  on  a  rocker 
arm  is  generally  in  the  form  of  pitted,  deformed, 

.  or  scored  surfaces.  Wear  on  the  rocker  arm  pads  v 

'  and   djd  ,  fittings  is  'gTeatly  accelerated  if  ^ 
lubrication  is  insufficient  or  if  there  is  excessive 

■  tappet    clearance,    Push    rods   axe  usually 
positioned  to  the  cam  followers  arid  rocker  arms 
by  end  fittings^  The  pads  are  the7K)cker  arm 
ends  that  •bear  on  the  valve  stem  or  valve:  stem ' 
caaif  When  the  tappet  clearance  i§  excessive,  the  ^ 
rods  ahjft  around,  greatly  increasing  the  rate  ofy 
wear  of  both  the  rocker  arm  and  the  rod  contact"  ' 
surfac^  Worn    fittings   necesat^te  the 
replacemiTft  of^  parts.  Continued  usc-^f  s  poor 
fitting  and  a  worn  push  rod  is  ^Ikely  to  result  in 
further  daniage  tp  the  •  engine,  especially  if  the 

'rod  should  come  loose. 

•  Worn  tappet  adjusting  screws  and  locknuts 
usually  make  it  difficult  to  maintain  proper' 
clearances'and  to  keep  the  locknuts  tight.  Wear 
of  the  adjus^g  screws  is  Usually  caused  by  loose 
locknuts, 'viiiich  alk)w  the  adjusting  screw  to  , 
work  up  and  down  on  the  threads  each  time  the 
valve  is  opened  and  closed.  To  prevent  thi^,' 
tighten  the  locknuts  after  each  adjustment  and 

;  check  tiie  tightness  at  frequent  intervals.  \. 
.     If  the  threads  are  Worn,  the  entire  rocker 
arm  most  be  replaced.  Do  NOT  attempt  to 
repair  or  to  use  a  new  tappet  adjusting  screw 
except  m  cases  of  emergency.  , 

The  adjustment  of  the  rpoker  "arm  assembly 
<K)nsists  chiefly  of  adjusting  the  tappjets  for' 
proper  running  clearance.  The  valve  clearance 

.  for  both  intake  and  exhaust  valves'  should  be 
readjusted  after  overhaul.  The  procedure  for 
adjusting  the  rocker  <arin  tappets  of  a  typical 
4-stroke  cycle  engine  is  as  follows: 

t . '  Observe  the  flywheel  indicator,  ^d 
rotate  the  engine  to  top  dead  center  of  the 
compression  stroke  of  the  cylinder  on  which  the 
"  tappets  are  to  be  adjusted.  •  "  . 

2.  Loosen  the  locknut  .Qam  nut)  on  the  * 
tappet  screw,  and  insert  a  screwdriver  ii>  the.  slot 

of  the  scre  w.    <  .  : 

3.  iiuert  a'  feeler"  gage  of  the  proper 
thickness  between  the  tappet  bearing  arid  the 
end  Qf  the  valve  stem.' 
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4.  Tighten  the  tappet  screw  (fig.  4r§)  until 
the  feeler  gage  wHl  ji^t  slide  freely  between  *he 
bearing  and  the  valve. 

5.  Tighten  the  jam  nut  and  check  the 
clearance.  .The  jam  nut  has  a  tendency  to 
increase  the  clearance  when  tiglitened;  therefore, 
ALWAYS  check  the  clearance  after  you  tighten 
the  jam  nut.  . 

The<  procedure  outlined  above  is  a 
preliminary,  or  "cold  engbie*'  check.  Qearance 
should  be  checked  and  readjusted,  if  necessary, 
after  the  engine  has  been  in  operation  for  a  short 
time  and  has  reached  the  normal  operating 
temperature.  The  manufacturer's  technical 
manual  wUl  give  the  recommended  valve 
cieaiwices  for  a  spcdfic  mdce  aitd  m9del  of 
engine  and  wUl  iiidicatawwhetKer  uie  clearances 
■  given  apply  to  ''cold"  or  "hot"  enanes. 

CAM  FOLLOWERS  AND 
LASHADJUSTORS 

In  the -valve  actuating  mechanism,'  <^ 
followers  change  the  rotary  motion  of  the 
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camshaft  to  reciprocating  moticin  in  otder  to 
open  the  valve$.  Gam  followers  rkle  the  flat  of 
the  cam  and  arts  Vaised,  as  the  cam  rotates,  by 
•  the  high  side  of  the  cam  and  lowered  by  tension 
from  the"  valve  sjH-ing.  Three  types  of  cam 
followers '  i|sed'  in  intemapcombustion  en^es . 
are  illustrated  in  figure  4-9, 

Regardless  of  the  type  of  cam  follower,  wear 
is  the  most  conjmon  trbubfe.  Worn  rpi^rs  will 
usually  develop'  holes  or  pit  jparks  inwhe  roller 
surfaces.  The  mushroom  type  may  ^ey^lop  a 
shallow,  channel  ,  when  the  cam  followahSsils  to 
revolve  and  the  cams  Hfipc  the  same  lurftice  each 
time  the  camshaft  revolves. 

Normal  use  will  cause  surface  disintegration, 
usually  due  to  fatigue  of  the  hardened  surfaces. 
The  condition  is  aggravated  by  '^brasiVe  particles; 
Nicks  and  dents  on  rollers '  will  also  start 
disintegratibn.  • 

.  ■  ^ 

,Y0u.  must  make  constant  checks  for 
defective*  rollers  or  svirfaces  and  for  l<Jcks, 
scratches,  or  dents  in  the  camshaft'.  Whenever 
you  find  a  defective  cam  follower,  you  shouki 
replace  it.  In  roller  type  cam  followers,  you 
must  replace  a  worn' cam  follower  body  and 
guide  or  roller  needle  bearings  (if  used). 

Hydraulic  valve  lihers  or  lash  .  adjusters 
control  valve  gear  clcaran.ccs  or  lish.  they  may 
be  installed  on  push  rods,  rocker  arms,  or  on  the 
cam  follower..  Figure  4-10  shows  "k  larger 
sectional  view  of  the  hydraulic  lash  adjuster 
illustrated  in  figure  4-7. 


Hydraulic  valve  'lifters  (also  called  valve 
adjusters)  are  usually  adjusted  with  their  internal 
parts  in  compression  or  with  '*2ero  valve, 
clearance."  Follow  the  manufacturer's  technical 
manuals  closely  to  obtain  normal  life  of  valves 
and  operating  gea^ 

Hydraulic  lash  adjusters  may  vary  in  design 
but  generally  consist  of  such  basic  parts  as  a 
cylinder,  a  piston  or  plunger,  a  ball  check  valve, 
and  a  spring.;  As  precision  parts,  hydraulic  A'alve 
lifters  or  '  adjusters  require  special  care  in 
handling,  and  they  must  be  kept  exceptionally 
clean.  Abrasive  materials  must  be  prevented 
,'frQ'm  entering  a  hytiraulic  lash  adjuster  if  they 
are  to  perform  their/ function  satisfactorily  . 

"  ■ , '  • 

iD^fective  or  poorly  oj^rating  valve  adjusters  , 
allow  clearance  orj  lash  in  the.  valve  gear.  Noisy 
operation  of  a  lash  adjuster  indicates  that  there 
is  insufficient  oil/ in  ,the  cylinder  of  the  unit. 
When  a  noisy  lash  adjuster  is  disco«red  and  the 
oil  supply  or  pressure  is  not  the  source  of 
trouble,  the  unit  should  be  removed  from  the 
engine  and  disassembled  in  accordance  with  the 
manufacturer's  instructions.  ^, 

Since  the  parts  of  la^  adjusters' not 
iilterchangQable,   only  one   unit  should  ^be 

•  1.'  .      '  . 
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disassembled  at  a  time.  Check  for  resinous 
deposits,  abrasive  particles,  a  stuck  ball  check 
valve,  a  scored  check  valve  seat,  and  excessive 
leaka^.  All  parts  of  the  hydraulic  lash  adjuster 
shoukl  be  carefully  M/ashed  in  kerosece  or  diesel 
fuels.  Such  parts  as  the  cam  follower  body, 
plungeror  piston,  and  hydrau^c  cylinder  should 
be  checked  for  proper  fit. 


PISTON  AND  ROD 
ASSEMBLIES 

Piston  and  rod  assemblies  will  include  a 
piston,  piston-  rings,  piston  pin,  and  connecting 
rod.  Tliese  units  and  tlieir  functions  in  engine 
operation  are  discussed  separately  in  the 
following  sections. 

PISTONS 

As  one  of  the  principal  parts  -  in  the 
power-transmjttiiig  assembly,  the  piston  must  be 
so  designed  and  must  be  msde  of  such  materials 
that  it  can  withstand  the  (^xtreme  heat  and 
pressure  of  combusticai.  Pistons  must  also  be 
light  enough  to  ,  keep  inertia  loads  on  related 
parts  to  a  minimum.  The  pi§^n  aids  in  sealing 
the  cylinder  to  preVent  the  escape  of  gas;  it  also 
transmits  some  of  the  helt  through  the  piston 
rinijs  to  the  cylinder  wall.  , 

•  -  ■     ■  ■  ■  ■•- .  r-  ^ 

Pistons  Ijiave  been  constructed  of  a  variety  of 
metals-^castji  iron,  nickel  cast  iron,  steel  alloy,' 
and  aluminum  alloy. i^Pistons  of  cast  iron  and. 
aluminum  are  most*  commonly  used  at  the 
present  time.  Cast  iron  gives  longer  service  wijth 
little  wear;  it  can  be  Otted  to  closer  clearances,  ' 
and  it  distorts  less  than  aluminum.  Lighter 
weight  and  higher  conductivity  are  the  principal 
advantage's  of  aluminum. 

Cast  iron  is  generally  associated  with  «ie 
pistons  of  slow-sp^d  engines:  However;  ai&i 
iron  is  used  Cpr  the  pistons  of  some  high-speed 
engines,-  in,  which  case,  the  piston  w^  are  of 
very  thin,  cbnstmction '  and  require  additional 
cooling.  i 

Pistpns'perfo?gva^umbcr  of  functions.  A 
piston^'in  additiiMitirtransraitting  the  force  of 
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Figurt  4-11.— Piston  nominctatura  for  tnmk-typt  piston. 


-combustion  to  the  connecting  rod  and 
conducting  ^he  heat  of  cpmtnistion  to  the 
cylinder  wail,  may  serve  as  a  valve  in  opening 
and  closing  the  ports  of  a  2-stroke  cycle  enguie. 
ibther  functions  of  a  piston  aAd  its  parts  are 
discussed  in  the  fpUowing  paragraphs.  ^ 

There  are  two  distinct  types  of  pistonsj_lhe 
trunk  type  and  the  crosshead  type. 


Trunk  Type  Pistcms 


r  Variations  in  ^  the  design  of  trunk  type 
pistons  can  be  seen  in  figures  4- 1 1  and  4-12.  . 

The  CROWN,  or  head,  of  a  piston  acts  as  the 
moving  surface  that  -  changes  the  volume  of  the 
cylinder's  pontent  (compresjaon),  removes  "gases 
from  the  cylinder /(exhaust),  and  transmits  the 
force  of  combustion  (power).  Generally,  the 
^crown  end  of  a  piston  is  slightly  sm^er  in 
diameter  than  the  skirt  end.  The  resulting  slight 
.tiifia'  allows  for  expansion  of  the  metal"  at  the 
jeonlfeustion  end.  Even  though  sli^t,  the  taper  is 
sufficient  .so   that,   at   normal  .operating 
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temperatures,  the  diameter  of  the  piston  is  the 
same  throiighout 

Manufacturers  have  produced  a  variety  of 
crown  designs-truncated,  cone,  recessed^  dome 
or  convex,  concave  or  cup,  and  flat.  Piston 
crowns  of  concave  design  are  common  in  marine 
engines  used  by  the  Navy  ;  however,  other  types 
may  be"  encountered.  'An  advantage  of  the 
concave  shape  is  that  it  assists  in  creatSng  air 
turbulence,  which  mixes  the  fuel  with  air  during 
the  last  part  of  compression  in  diescl  engines.' 
Sprae  concave  type  pistcyw  have  recesses  in  the 
rim  to  allow  room  for  parts  which  protiude  into 
the  combustion  space,  fixampies  of  such  par^ 
ait  the  exhaust  and  intake  vahcs,  the  air  starting 
valve,  and  the  injection  nozzle.  In  some  2-stroke 
cycle  engines,  piston  cro^^ns  are  shaded  with 
irregular  surfaces  ,which  deflect  and  dbect  the 
flow  of  gases.  Two  of' the  piston  crepns  just 
-mentioned  are  shc^wn  in  figures  4-U  and  4-12. 

The  SKIRT  qf  a  trunk  type  piston  receives 
the  side  thrust  created  b;5^thc  movement  of  the* 
crank  and  conhectmg  fod.  In  tum,~.the  piston  . 
tranj^mits  the  thrust  to  the  cylindeir  wait  In 
addition  to  receiving  thrust,  the  skirt  aids  in 
keeping  the  piston  in  proper  alignment  within 
the  cylinder.  .      ■  - 


Piston  skirts  may  be  one  of  three 
types-plain  or  smooth,  slotted  or  spht,  or 
knurled.  Some  plain  skirt  pistons  have  a  smooth 
bearing  surface  througljout  the  length  of  the 
piston.  In  otheni,  tlie  dimeter  of  the  skirt  in  tl\c 
vicinity  of  the  bosses  is  slightly  less  than  that  of 
th^  ^st  of  the  piston.  Pistons  with  slotted  skirts 
(fig.  4-12)  permit  tlie  skirt  to  expand  without 
increasing  the  piston  diameter  at  heavy  siectipns. 
The  knurled  skirt  contains  knurls  (small  beads  or 
.  diamonds)  on  the  metal  surface.  One  advantage  ' 
of  pistons  of  the  knurled  type  is  longer  service 
because  of  better  lubrication  from  the  greater 
am<Hmt  of  oil  cairried  by  the  jcnurls. 

Most  trunk-type  pistons  are  of  one-piece 
construction.  Some  trunk  pistons  aie  made  of 
two  parts  and  two  metals;  the  trunk  or  skirt  is 
made  of  cast  ^n  or  an  alloy ,,and  the  crown  or 
head  is  m^  of  steel.  In  some  pistons  of  this 
type  construction  the  crown  is  fitted  to  the' 
trunk  with  a  ground  joint,  while  in  others  the^ 
parts  are  weld«i  together.  t 

Without  GROOVES  ind  fcu^D$,  the  pisjon 
rings  cannot  be  properly  sliced  or  held  in 
position.  The  number  of  groov^and  lands  on  a 
.  piston  will  vary  ponsiderably;  depending  on  such 
^  factors  as  the  size  ,and  the  type  of  this  piston. 
*  (Seefig.-4.11  and4-12.)       ,  .  i 

Some  pistons  Jiave  OIL.  DRAINS  (small 
holes)  in  the  bottom  of  sonie  of  the  grooves  (fig. 
4-11);  some  pistons  have  oil  drains  in  the  skirt  of 
the  piston.  These  holes  serve  as,  oil  returns, 
permitting  lubricating  oil  frcim  the  cylinder  wall 
to  pass  through  the  piston  into  the  crankcas*. 

Generally,  the  BOSSES  Oiubs)  of  a  piston 
are  heavily  reinforced  openings  in  th(J  piston 
skirt.  Some;  bosses  are  a  part  of  an  insert  which 
fis  secured  td  the  inside  of  the  piston.  The 
principal  function  of  the  boises  is  to  serve  as 
mounting  places  for  the  bushings  or  bearings 
which  support  the  piston  pm.  They  provide  a 
means  of  attaching  t^ie. connecting  rod  lo  the% 
pj^ton.  In  some  pistons  the  bosses  serve  as  the- 
pin  bearings.  C^erally,'  the  diameter  of  the 
piston  at  the  bosses  is  slightly  less  than  the 
diameter  of  the  rest  of  the  piston  to  compensate 
for- the  expansion- of  the '  extra  metaj  in^he 
bosses.  (See  fig.  4i  L) 

Becau«  of  tfleintense  heat  generated  in  the 
comUisti^  chaihbcr.  adequate  COOLING  must 
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be  provided.  The* heat  transmitted  through  the 
rings  (approximately  30%  of  the  heat  absorbed 
by  the  piston  J  to  the  cylinder  wall  is  hot 
sufficient  in  many  engines  to,  keep  the  unit 
cooled  within  operating  limits.  Most  pistons 
have  fins  orribs  and  struts  as  internal  parts.  (See 
fig.  .4-11.)  The  additional  surfaces  of  these  parts 
help  to  dissipate  heat;  much  of  the  hfeat  is 
carried  away  by  oil  which  may  be  pump-force, 
splashed,  or  thrown, by  centrifugal  fbrc%  into  the 
piston  assembly.  Oil  is  the  principal  means  of 
cooling  most  piston  assemblies^  Intake  air  is  also 
used  in  cooling  hot  engine  parts.  In  order  to 
exhaust  or  scavenge,  a  cylinder  of  burned  gases 
and  cool  the  engine "  parts,  the  intake  and 
exhayst  valves  or  ports  are  so  timed  that  both" 
are  open  for  a  short  time  at  the  end  oC  the 
exhaust  stroke,  allowing  the  intake  air  to  enter 
the  cylinder,  clean  out  the  hot  gases,  and,  at  the 
same  time,  cool  the  parts. 

Cros&head  Pistons  ^ 

A  type  of  crosshead  piston  is  being 
introduced  for  use  in  certain  engines,(fig.  4-13 
and  4-14)/  The  f  tosshead  pistons  used  in  older 


^designs  of  engines  were  used  primarily  to  absorb 
side  thrust  insulting  from  extremely  Ic^ig  stroki^ 
and  horsepower  ratings  in  excess  of  1  SO  hp  per 
cylinder.  The  modem  cross^eki  pist6n  is  a 
two-piece  imit  with  a  crown  that  can  withstand 
the  high  heat  and  pressu^.  of  a  turbocharged 
engine  and  a  skirt  specific^y  designed  to  absorb 
side  thrust.  * 

Tlie  crowrt  ai^  skirt  are  held  together  by  the 
piston  pin.  The  downward  load  on  the  crown 
pushes  directly  on  the  pin  througli  a  large  slipper 
bearing.  The  separate  skirt  has  less  thermal 
distortion  than  tiie  crown  piece  and  is  free  of. 
downward  thrust  loads.  It  specifically  guides  the. 
piston  in  the  cylinder,  takes  up  side  thrust,  and 
carries  the  oil  sqraper  rin£^. /The  cjrown  has  the 
compres^on  jings. ;  Since  it  4  separate,  it  takes 
only  a  slight  amount  of  side  thrust  and  is  not 
forced  to  sUde  sideways  under  the  compression 
rings  when  they  are  pttstfd  hard  against  the 
bottoms  of  their  jpooves  by  comlnmtion  gas 
pr^safire.  'Lubricating  oil  is  fed  upward  by 
iJressure  to  cool  the  piston  crown. 

The  unil  shcrtwn  in  figures  4-13  and  4-14 
replaces,  or  is  a  retrofit  for,' a  trunk  type  pistffli. 
It  has  three  rings  in  the  crovtm  while  the  trunk 
"pistoii  has  four  compression  rings,  When  an 
engine  is  beii^  retrofitted,  all  trunk  pistons 
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•  should  be  replaced.  A  mixture  trunk  and 
cros&head  pistons  should  not  be  usSi  in  the  same 
engine.  In  addition,  if  the  type  of  piston  is 
•changed,  several  other  engine  parts-  and 
operating  parameters  must  be  altered. 

PISTON  RINGS 

Piston  rings  are  particularly  vital  to  engine 
operation  in  that  they  nit^j  effectively  perform' 
nhree  t\inctiohs:  seal  the  cylinder,  distribute  and 
control  lubricating  oil  on  tfte  cylinder  wall,  and 
transfer  heat  from  the  piston  to  the  cyUnder 
wall.  All  rings  on  a  piston  perform  the  latter 
function,  but  two  general  types  of 
rin^-compression  and  'oil-^aie  required  to 
-perform  the  first  two  functions.  There  are  many 
variations  in  the  design  of  compression  and  oil 
fings.  Some  variations  are  illustrated  in  figure 
4-15.    *  ■ 

The  number  of  rings  on  a  piston  will  vary 
with  the  type  and  sixe  of  the  piston. 

The  location  of  rings  also  varies  considerably 
(fig,  4-1 1  and  4-L3).  Obviously,  the  compression 
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rings,  are  located  toward  the  crown  or 
combustion  end  pf  tlie  piston.  The  ting  closest 
to  the  crown  is  sometimes  referred  to  as  the 
'Tiling"  ring.1n.^e  pistons,  both  compression 
and  o|^  rings  are  located  toward  the  crown, 
"abov^  the  pin  bosses.  In  other  pistons,  the 
compression  rings  and, one  or  two  oil  rings  are 
above  the  bosses  with  one  or  two  oil  rings 
."below'Vthe  bosses.  (The  terms  "above"  and 
'*below"  adequately  identify  ring  location  when 
the  crown  of  the  piston  is  at  the  top,  as  in 
engines  of  the  vesical  in-line  type  or  even,  some 
y-types.  When  these  terms  may  lead  to 
confusion,  such  as  ^  when  referring  to  ring  , 
location  on  the  upper  pistonis  of  opposed-piston 
engines,  piston  ring  location  can  be  more 
accurately  identified  by  referring  to  the  "crown 
or  combustioitend*'  and  the  "$kirt. or  crankshaft 
end"  of  the  piston,) 

Comi»^on  Rings 

The  principal  function  of  compression  rings 
is  to  seal  the  cylinder  s^d  combu^on  space  so. 
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^  that  the  gaseji  within  the  space  cannot  escape 
until  they  have  performed  their  function.  Some 
oil  is  carried  with  the  compression  rings  a$  they 
travel  up  and  down  the  cyiffider. 

>  t  "  Most  compression  rin^  are  made  of  gray 
cast-iron;  however*  some  types  have  fecial 

.facings,  such  as  broB2:e,  inserted  in  a  slot  cut 
circumferentially  around  the  ring  or  a  treated 
surface.  Rings  with  the  bfonze-  inserts  are 
sometimes  called  *^oJd  seal"  rings,  while  those 
with,  special  facings  are  referred  to  as  M)imetal'V 

"rings.  The  bimetal  ring  is  two  layers  of  metal 
bonded  together,  the  inner  layer  being  steel  and 
the  outer  being  cast  iroi^.  ^ 

Compression  rings  come  witli  a  variet^  of 
cross  sections;  however,  the  i^ctangular  cro^ 
section  is  th^.raost  common.  Sinc^iston  rings 
contribute  as ,  much  as  any  bthe/  one  thing 
toward  maintaining  pressure  in  Under,  they 
must  possess  mifficient  elasticity  to  press 
uniformly    against    the   cylinder  walls.  The 

-  diameter  of*  the  ring,  before  installation,  *is 
sliglitly  larger^flian  the  cylinder  bore.  Because  of 

.  the  joint,  the  ring  can  be  compressed  to  enter 
the  cylinder.  Tlie  tension  created  when  the  ring 

.  is  compressed  and  placed  in  a  cylinder  causes  the 
ring  to  expand  and  produce  a  pressure  against 
tlie  cylinder  wall.  The  pressure  exerted  by  rings 
closest  to  the  cojnbustion  space  is  increased  by 
4he  action  of ^  the  confined  gases  during 
compression  and  con\bustibn.  The  gases  enter 
behiilrf  the  top  ring,^  through  the  '  clearance 
between  the  ring  and  groove,  and  fore?  the  ring 
41P  against  the  cylinder  and  ^iown  against  the 
bottom  of  the  groove.  The  gas  pressure  on  the 
second  ringiind  each  successive  compression  nrig 
is  progressively  lessened  since  the.  gas  reaching 
these  rings  is  limited  to  that  passing  through  the 
gap  oftl^e  firing  ring. 

_Wtien  a  piston  assembly  is  disassembled,  you 
I    can  look  at  the  ^compre^ion  nngs  and  tell 
'   whe%eif  they  have  been  functiomng  properly.  If 
'   a  ring  has  been  working  pro^)erly,  the  face 
(surface  bearing  against  the'cyUndef  wall)  and 
.  the  bottom  of  the  ring  will  be  bright  and  shiny 
because  of  contact  with  the  cylinder  wall  and 
the  groove,  Tlie  top  and  back  (inside  surface)  t>f 
r  the  ring  will  be  blacky  since  they  are  exposed  to 


the  hot  combustion  gases.  The  exposed  sides  aujd 
corresponding  parts  of  the  ring  groove  may  be 
covered  with  deposits  of  carbon  which  must  be 
removed  during  overhaul.  Black  areas  on  sealing 
surfaces  indicate  that  hot  gases  have  been 
escaping. 

Under  normal  operating  conditions,  with 
engine  parts  functioning  properly,  there  will  be 
very  little  leakage  of  gas  because  of  the  excellent 
se^iiKffg  of  tlie  piston  rings.  The  oil  that  prevents 
metal-to-metal  contact*"  between  the  rings  and 
cylinder  wall  also  helps,  to  a  degree,  in  making 
the  seal*  When  a  proper  seal  is  established,  the 
only  point  at  which  gas  can.leak  is  through  the 
piston  ring  gap. 

Tlie  gap  of  a  piston  ring  is  so  ^maJl, 
compared  to  the  total  circumference  of  the  ring, 
tliat  the  amount  of  leakage  is  neglijpble  when 
rings  are  "functioning  properly.  In  modem, 
high-speed  engines,  gas  pressure  is  not  applied 
,  enough  to  the  rii)gs  to  cause  any  appreciable 
leakage  tllrpugli  the  joints.  Leakage  can  be  held 
to  a  minimum  i(  the  rinjs  are  placed  so  that  the 
joints  of  successive  rings  are  on  alternate  sides  of 
the  piston.  Most  pistons  have  no  means  of 
preventing  the  rings  from  shifting  or  turning 
around  in  the  grooves;  however,  some 
manufacturers  provide  metal  pins  or  dowels  to 
prevent  rings  from  shifting  ground  in  the 
grooves.  —  i  - 

Oil  Rings  * 

Altiiougli  oil  rings  £»me  in  a  large  variety  of 
designs,  they  must  aU  ,do  two  tlirng^.  Oil  rin^ 
must  distribute  enough  oil  tjo  thtJ  cylinder  wall 
to  prevent  metal-to-met-al  contact,  and  they 
must  control  the  amount  of  Oil  distrib|^^d,  . 

Without  an  adequate  oil  film  between  ^he 
rings  and  the  cylinder,  undue  friction  occurs, 
resulting  in  ^excessive  wear  of  the  rings^gmd  the 
cymider  wall.  On  the  other  hand,  too  much.oil  is 
as  undesirable  as  not  enpugh  oil.  If-tgo  nwch  oil 
is  distributed  by  the  rin^,  the  oil  may  reach  the 
combustion  space  and  burn,  wasting  oil  and 
causing  smoiky,  exhaust  and  excessive  carbon 
"deposits  in  the  cylinder.  Such  ^^arton-  deposits 
may  cause  the  rings  to  stick  in  their  grooves. 
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Stiikins  riiigs  generally  lead  to  a  poor  gas  seal. 
ThJs,  oil  rings  provide  an  important  function  in 
proper  .control  and  proper  distribution  of  the 
lubricating  oil.  Oil  control  and  distribution  in 
the  cylinders  of  ah  engine  are  controlled  by  ring^ 
of  various  designs.  Three  types  of  these  rings  are 
shown  in  parts  C,  D,  and  E  of  figure  4-1 5. 

Different  manufacturer^  use  a  variety  of 
ter^s  in  their  technical  manuals  to  identify  the 
oil  irings  of  an  engine  -such  termsas_giJ_eQiitrol, 
oil  draper,  oU  wiper,  oil  cuttefT^ldrain,  oil 
regulating,  etc.  Regardless  of  the  identifying 
terms  used,  all  such  rings  are  designed  to  control 
and  distribute  lubricating  oil  witliin  the  cylinder 
of  an  engine.  . 

'  If  a  distinction  is  to  be  made  between  types 
of  oil  rings,  perlmps  the  terms  "oil  control"  and 
"oil   scraper"   should  be  used.   When  this 
distinction  is  made,  the  oil  control  rings  are 
those  oil  rings  closest  to  the  compression  rings, 
while  the  oil  sigiper  or  wiper  rings  are  those 
farthest  from  the  combustion  end  of  the  pist&n. 
The  oil  control  rings  prevent  excessive  amounts 
of  oil  from  flowing  to  the'  compression  rings  and 
entering  the  combusrion  spape.  The  oil  scraper 
rings  regulate  the  amount  of  oil  passing  between 
•  the  piston  skirt  and  cylinder  wall  by  wiping  off 
^  the  excess  oil  thrown  into  the  cylinder  bbre  by 
the  crankshaft ^and  connecting  rod.  The  oil  rings 
must  distribute  enougli  oil  on  the  upi^r  part  of 
■  the  cylinder  wall  to  properI>^  lubricate  the  piston 
and  the  e«^ipres&ion  ring's.  ' 

In, gener^ii,  manufacturers  identify  oil  rings 
by  the  4erm  which  best  describes  \the  function 
performed  by  the  rings  of  their  d\;sign.  These 
terms,  as  well  as  design,  vary  witli  respect  to 
location  on  any  given  piston.  For  Example,  a  GM 
6-71  piston  has  two  *'oil  controj"  rings  placed 
on  the  skirt  below  the  pin.  Both  rings  are 
identical,  each  consisting  -of  thrjie  pieces-^two 
rings  and  an  e?/pander).  Tlic  ring  illustrated  in 
part  E  of  figure  4-15  is  representative  of  a 
3-piecc  oil  ring.  In  rings  of  this  type,  the  two 
"scraping"  pieces  have  very  narrow  faces  bearing 
on  the  cylinder 'wall,  which  permit  the -ring 
ass^nbly  to  rapidly  cpnform  to  the  shape  of  the 
cylinder  wall.  Since  the  ring  tension  is 
•  concentrated  on  a  small  area»  the  rings  will  .cut 


-tlirougli  thi  oil  fihn  easily  and  remove  the  excess 
oil.  The  bfcvel  on  the  upper  edge  of  each  ring- 
face  causesj  the  ring  to  "ride  over  the  oil  film  as  , 
the  piston  fnoves  toward  TDC,  but  as  th»  piston 
moves  downward  for  intake  and  power,  the: 
sharp,  iiook-like  lower  edge  of  each  ring  scrapes 
or  wipes  the  oil  from,  the  cy^der  wall. 

Another  example  bf  differences  in 
terminology  and  location  is  found  in  the  FM 
38D8  1/8.  A  piston  in  this  type  of  engine  has 
three  oil  rings  all  located  on  the  skirt  end;  The 
two  nearest  the  crankshaft  end  of  the  piston  are 
called  oil  "drain"  rings,  while  the  ring  nearest 
the  pin  bosses  is  nsferred  to  as  the  ^'scraper." 
The  drain  rings  are  slotted  to  permit  dil  to  pass 
through  the  ring  and  to  continue  on  througli  the 
holes  drilled  in  the  ring  grooves.  Part  D  of  figure 
4-15  shows  one  type  of  slotted  oil  ring. 

■  .is 

Replacemeiit  of  Piston  Rings 

Wliile  you.  may  be  able  to  free  stuck,  rings 
and  make  them  serviceable,  you  must  replace 
excessively  worn  or  broken  rings  with  new  ones. 
The  installation  of  a  new  set  of  rings  in  an 
engine  require^  great  care.  Most  of  the  damage  • 
that  is  done  occurs  when  the  rings  are  being  ^ 
placed  in  the  grooves  of  a  piston  or  when  the 
piston  is  being  inserted  in  the  cylinder  bore. 

You  must  be  very  careful  whea  removing  the 
^  piston  and  connecting  rod  from  the  cylinder.  In  \ 
most  engines,  you  should  not  remove  a  piston  ) 
jfrom  a  cylinder  until  you  have  scraped  the 
cylinder  surface  above  the  ring  trayel  area.  In 
addition  to  removing  all  carbon,  you  must 
remove  the  Up  of  any  appreciable  ridge  before 
removing  the  piston.  Do  not  remove  a  ridge  by 
grinding,  as  this   will  allow  small  abrasive 
particles  from  the  stone  to  enter  the  engine"  Use  . 
a  metal  s£raper  and  place  a  cloth  in  the;  cylinder 
to  cateh  all  metal  cuttings.  You  can  usually 
scrape  enougli  from  the  lip  of  a  cyUnder  to  allo\^ 
the  piston  assembly  to  slide  out  of  the  liner. 
After  removing  the  piston,  you  can  make  a  more 
detailed  inspection  of  the  ridge..  x. 

Finish  scraping  the  remaining  ridge,  but  be 
careful  not  to  go  tpo  deep.  Finish  the  surface 
with  a  handstone.  For  lanje  ridges,  you  may 
need  to  remove  the  liner  and  use  a  small  power-  : 
grinder. 
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After  removing  the  piston  and  connecting 
rod,  check  the  condition  and  wear  of  the  piston 
pin  bushing,  iMth  in  ;the  piston  and  in  the.^ 
cpnnecting  rod.  \ 

'  The  best  way  to  remove  and  install  piston 
rings  4$  with  a  tool  similar  to  that  shown  in 
figure  4-16.  These  tools  generally  have  a  device 
th^t  limits  the  amount  the  ring  can  be  spread 
and  prevents  the  rin^  from  being  deformed  or 
broken.  . 

I  A  ring  that  is  securely  stuck  the  groove 
will  recjuire  additional  work.  Vou  may  he^Bo 
soak  the  piston  ovemi^it  in  an  appr^ed^ 
cleaning  solvent  or  in  diesel  oil.  If  soaking  does 
not  free  the  ring,  you  must  drive  it  out  with  a 
brass  drift.  The  end  of  Ihe  drift  should  be 
shaped  and  ground  in  a  manfer  Miat  permits  its 
use  without  damage  to  the  landsff 

After  rimoving  the  rings,  thoroughly  clean 
the  piston  Vith  special  ^attention  to  the  ring 


grooves.  (Diesel  oil  or  kerosene  are  satisfactory 
cleaning  agents.)  In  addition,  you  may  need  to 
clean  excessive  deposits  from  the  oil  return  holes 
in  the  hottom  of  the  oil  control  png  grooves 
with  a  twist\drill  of  a  diameter  corresponding  to 
the  original  size  of  the  holes. 

Make  janother  comiilete  inspection  after, 
cleaning  the  piston.  Check  all  parts  for  any 
defects  which  could  require  replacement  of  the 
piston.  Give  particular  attention  to  the  ring 
grooves,  especially  if  the  pistons  haye  been,  in 
service  for  a  long  period  of  time.  A  certain 
amount  of  enlargement  of  the  width  of  the 
grooves  is  normal,  and  SHOULDERING  of  the 
groove  may  occur. .Shouldering  as  illustrated  in 
Cigure  4-17,  Tesults  from  the,  "hammering  out" 
motion  of  the  rings.  The  radial  depth  of 
thickne^  of  the  ring  is\much  less  than  the 
groove  depth,  and,  while /the  ring  wears  aw^y.an 
ainount  of  metal  corresponding  to  its  own 
width,  the  metal  at  the  bottom  of  the  groove 
remains  unchanged.  Shouldering  usually  requires 
replacement  of  the  piston  since  the  shoulders 
prevent^e  proper  fitting  of  new  rings.  . 

After    determining   that   a   piston  is 
serviceable,  inspect  the   rings  carefMlly  tO/ 
determine  whether  they  can  be  reused.  If  they 
do  not  meet  specifications,  you  must  install  new 
rings. 

Wh^n  instating  rings,  mtasiire  the  gap  with  a 
feeler  g^e.  To  measure  the  gap,  place  the  new 
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rings  inside  the  cylinder  lineir  (fig.  4- h&A)or4n  a 
ring  g^e.  When  the  gap  is  measured  with  the 
•  ring  in , the  liner  (fig.  4-I8B),  two  measuremwits 
^  are  necessary -one  just  below  the  upper  limit  of 
'  ring  travel,  and  the  other  within  the  lower  limit 
of  travel,  piesc  measurements  are  necessary 
because  the  Uncr  may  have  a  slight  amount  of 
taper  caused  by  wear.  Ring  gap  must  be  within 
the   limits   specified  in  the  manufacturer's 
technical  manual.  If -the  gap  of  a  new  ring  is  less 
than  specified,  you  mU  need  to  file  the  ends  of 
the^  ring  with  a  straight^cut  null  file  to  obtain  the 
proper  gap.  If  the  gap  is  more  thian  specified, 
7ou  wia  need  to  install  oversized  rings. 

•  •  "  - 

To  measure  the^rinig  gap^pf  used  rings,  hold 
the  rings  in  place  on  the  pistdn^-witb^a  ring 
compressing  tool  (fig.  4-19).  When  meaapin^. 
the  ting  gap  with  the, ring  on  the, piston,  you 


must  first  measure  ^e  piston  for  wear  and 
out-of-roundness. 

■  After  determining  the  T>roper  gap  clearance^ 
you  can  reinstall  the  piston  pin  and  connecting 
rod.  During  reassemWy  and  installation  of  a 
piston  and  connecting  rod  assembly,  be  sure  that 
all  parts  arc  well  lubricated,  install  the  rings  on 
the  piston  with  tools  similar  to  those  used  for 
removal.  When  installing  piston  rings,  spread 
them  as  little  as  poss^blfe  to  avoid  brealdng  the 
rings.  Insert  the  lowest  ri_;ig  first.  Wlien  all  the 
rings  have  been  installed,  check  the  ring-to-land 
clearance.  (See  fig,  4-20).  If  the  clearance  is  too 
small,  the  ring  may  bind  or  seize,  allowing 
improper  sealing  and  blowby  to  occur.  If  the 
clearance  is  excesavc,  the  ring  4nay  flutter  and 
break  the  piston  land  or  rings. 

After  all.  the  rings  have  been  properly 
"installed,  coat  the  entire  assembly  with  oiU  then 
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FitMm  Jl*i21.~liuu4ling  «  pitton  in  i  cyiiiHter  bora  with 

When  a  piston  .is  being  inserted  into  a 
cylinder,  the  isiston  rin^  ihust  be  compressed 
evenly.  Special  funnel-type  tools,  similar  to  the 
one  shown  in  figure  4-21,  are  usually  provided 
for  tys,  purpose.  Another  type  of  ring 
cointrfSing  tool  is  a  steel  band  that  can  be 
placed  around  the  ring  arid  tijglitened. 


.  m3i8)( 

Figurt  4-20.-Ch«cjung  ring  graovt  ski*  clMvmnm. 


insert  it  in  the  cylinder  bore.  Position  the  rings 
s%that  the  gap  of  each  successive  ring  is  on  an 
awmate  side  and  the  gaps  are  in  line  with  the 
piston  pin  bosses.  On  large  engines,  use  a  chain 
fall  to  hold  the'  pistoii  asseml:^y  in  pc^tion  as  it 
iiljeirig  lowered  Into  the  cylinder  (See  fig.  4-21 ). 


PISTON  PINS  AND 
PISTON  BEARINGS 


In  trunk-type  piston  assemblies,  the  only 
connection  between  the  piston  and '  the 
<:onnecting  rod  is  the  pin  {(sometimes  referred  to 
as  the  wrist  pin)  and  its  bearings.  These  parts 
must  be  of  especkUy  strong  construction 
because  the  power  developed  in  the  cylinder  is«!^ 
transmitted  from  the  piston  througli  the  pin  to 
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the  connecting  rod.  The  pin  is  the  pivot  p<^int 
where  the  straight-line,  or  reciprocating  motion, 
of  the  piston  changes  to  th,e  reciprocating  and 
rotating  moticm  of  thfc  connectiag  rod.  Tlius,  the 
pin  is  subjected  to  two  prindpaJ  forces-the 
forces  created  by  combystiop  and  the  side  thrust 
created  by  the  change  in  direction  of  motion. 
Before  discussing  the  pin  further,  let  us  consider 
thc^side  thrust  which  occurs  in  ^  single-acting 
engine  equipped  with  trunk-type  pistons  (See 
fig.  4-22). 

Side  thrust  is  exerted  at  all  points  during  a 
stroke  of  a  trunk-type  piston,  except  at  TDC 
and  BDC.  The  side  thrust  is  absorbed  by  the 
cylinder  wall.  Thrust  occurs  first  on  one  side  of 
the  cylinder  and  then  on  the  otlier,  depending 
dh  the  position  of  the  piston  and,  the  rod  and 
the  direction  of  rotation  of  the' crankshaft.  In 
flgure^  4-22 A,  gas  pressure  is  fordiig  the  piston 
"downward  (power).  Since  die  crankshaft  is 
rotating  clockwise,  the  force  of  combustion  and 
the  resistance,  of  the  driven  parts  tend  to  push 


■■  ■  •  i--  ■  ■     .  , 

the  piston  to  the  left.  The  resulting  side  thrust  is 
exerted  on  the  cylinder  wall.  If  the  crankshaft 
were  rotating  counterclockwise,  the  situation 
would  be  reversed.  *  . 

J  In  figure  4-22B,  the  piston  is  being  pushed 
?*»pward  (cbmpiTession)  by  the  crankshaft  and 
connecting  rod.  This  causes  the  side  thrust  to  be 
exerted  on  the  opposite  side  of  the  cylinder. 
Thus,  the  side  thrust  alternates  firom  side  to  side 
as  the  piston  moves  up  and  down.  Side  thrust  in 
an  engine  cylinder  makes  proper  lubrication  and 
correct  clearance  essential.  Without  an  oil  fihn 
between  the '  piston  and  the  cylinder  wall, 
mctal-to-metal  contapt  occurs  and  results  in 
excessive  wear.  If  the  clearance  between  the 
piston  and  cylinder  waU  is  excessive,  a  pounding 
noise,  called  PISTON  SLAP,  will  occur  as  the 
thrust  alternates  from  ade  to  side  ■  f 

Types  of  Pistcw  Pins 

,  - .  .\ 

Pins  are- usually  hollow  and  made  of  alloy 
steel,  machined,  hardened,-  and  precision-ground 
and  lapped  to  fit  the  bearings.  Their 
construction  provides  maximum  strength  with 
minimum  wei-ght.  Some  pins  are 
chrbmiumjplated  to  increase  the  wearing 
qualities.  The  pins  are  lubricated  by  splash  from 
the  crankoase  or  by  oil  forced  through  drilled 
passag«riis^e  connecting  rods. 

,  Vqu^musVsffcurely  position  piston  pins  so 
that  they-d»  not  protrude  beyond  the  surface  of 
the  piston  or  have  excessive  end-to-end  motion. 
Otherwise,  the  pin  will  tend  to  damage  the 
cylinder  w^.  Piston  pins  niay  be^  secured  in  the 
piston  rod  asseraWy  in  one  of  thx^  ways:  (1) 
rigidly  fastened  into  tiie  piston  bosses,  (2) 
clamped  to  the  end  I  of  the  rod,  or  (3)  f«e  to 
rotate  in  both  pistoi^.and  rod;  When  piston  pins 
are  secured  by  thefse  methods,  the  pins  are 
identified  as:  (1)1  stationary  (fixed),  (2) 
semifloating,  and  (3)  fuH-floating,  respectively. 

The  STATIONARY  pin  is  secured  to  the 
piston  at  the  bosses,  and  the  connecting  rod 
osdlJates  on  the  pin.  Since  all  movement  is  by 
the  connecting  rod,  uneven  wear  may  occur  on 
the  contacting  surfaces  in  this  type  of 
installation. 
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rSEjMIFLOAflNG  type  pins  are  secured  in  ; 
the  middle  to  the  connecting  rod.  <Sec  fig.% 
4-23.).  The  ends  k)l  tlic  pin  arc  free  to  move  in* 
the  piston  ')?m  bearings  in  the  bosses. 

FULL-FIOATING  pins  are  not  secured  to 
either  the  piston  or  the  connecting  rod.  Pins  of 
this  type  may  be  held  in  place  by  caps,  plugs, 
andi  snap  rings,  or  spring  clips  which  are  -fitted  in 
thci  bosses.  The  securing  devices  for  a 
fuU-jfloating  pin  permit  the  pin  to  rotate  in  both 
the  rod  and  piston;  pin  bosses.  The  full-floating 
-pistbn  pin  is  the  most  con|m<»i  of  the  three 
typis.  '  ' 

J  •    ■      ■,■  ^     ■  ^ 

Typies  of  Piston 

Pin  Bearings 

jrhc  fcJcarings  used  in  cohnectioriwith piston  : 
pins  arc  of  three  types:  the  inte^  elariiig,  the 
sleeve  bearing  or  bushings  and -4he  needle-type 
Tdl^r  bearing.  These  bearings  may  •be  further 
identified  according  to  location-the  piston  boss_ 
pistijn  pin  bearings  and  the  connecting  rod 
pistjan  bearini^ 

jThc  bearings  or  bushings  are  made  of  bronze 
or  similar  material.  Since  the  bushing  material,  is 
a  njlatively  hard-bearing  metal,  surfaws-hardened 
piston  pins  are  required.  The  bore  of  the  bushing 
is  iccuratcly  ground  in  line  fbrihe  close  fit  of 


the  piston  pin.  Most  bushings  have  a  number  of 
smai  grooves  cut  in  their  bore  for  lubrication 
puJTposes  (fig.  4-11),  Some  sleeve  bushings  have  a 
press  fit,  wWle  others  are  "cold  shrunk"  into  the 

bd'ss«s.;  ,  .  ,  • 

BparingS  of  the  sleeve  busMng  type  for  both 
"the  bosses  and  the  connecting  rod  are  shown  in 
figure  4-24.  Note  that  the  bosses  are.  a  part  of  an 
insert.  -  '         '  y  .      ' .  ' 

'   '  ■       •  ■    '  •       .  ■  . 

If  the  piston  pin  i?  secured  in  the  bosses 
(stationary)  of  the  piston  or  if  it  floats 
(full-floating)  in  both  the  coniiecting  rod  and 
piston,  the  piston  end  of  the  rod.may  be  fitted 
with  a  sleeve  busliing.  Pistons  fitted  with 
seiiiiflbatirig  pins  (fig.  4-23)  require  no  bearing 
at  the  rod.  ,    '  i 

Sleeve  bushings  used  in  the  piston  eife  of 
connecting  rods  are  sifn^lar  in  desi^  to  those 
used  in  piston  bosses.  (See  fig.  4-11).  (jeneraHy, 
bronze\m^es  up  the  bearing  surface.  Some 
bearing  surface^  are  backed  with  a  case-hardened 
steel  sleeve,  and  the  bushing,  has  a  shrink  fit  in 
the  rod  bore.  Ip  other  bushings,  the  bushing  fit 
is  such  that  a  gradual  rotation  Ifreep)  takes 
place  in  the  eye  of  the  connecting,  rod.  In 
another  variation  of  the  sleeve-type  bushing,  a 
cast  bronze  lining  is  pressed  into  a  steel  bushing^ 
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INSERT.  . 


-eOLT  ANO  NUT.    \       CONNECTING  ROD  CAP. 


'•;''\:temTON-wN- 


FiqiM*  4.flfc-PUton  and  rod  Ms«nfaiy  witfiifMyt  buihing  ty^  btrnm^f. 


^   '  -in  Uie  connecting  rod.  !«' some  engines  th^t  use 
fultfloatuig  pistCMi  pins;  the  sfcei-ba,cked  bronze 
'  bushing  rotates  freely;  inside  the  piston  end  of 
^   tht  connecting  rocT  '  ' 

\ 


dare  of  Piiit  4ndt  B^uiogs 


♦  * 


^  . , .  Every  time  ypu  remove  a  piston  assembly 
-^froih  an  cn^e,  inspect  it  for  wear.  Measure  the 
,J|piston  pins  -^d  bushings  with  micrometer,  as 
'  V-  shown  in  figure  4-25  to  determine  whether  wear 

•  is  e\0essive.  Do  NOT  measure  areasjthat  do  not 
'  •  make  contacts  Such  areas^include  those  between 
--4|theM:onnectirjg       and  pjstbn  bosses  and  ^greas 

.:  lender  the^  oil  hg^^d  grooves;  -j^l 

.Voii  can  preffSushihgs  out  oflhi  rod  with  a 
^-  mandrpkand  an  ai1?OF  press  or  with  s^etial  tools 
■  ^  r^^^QPsW"^  !^26.  ^ou  can  alsd"  reraovfe 
'buihio^.MI|i?5ri5st;^  the'm  "with  dry  ice. 

-Dry  ic»  WiU  alsb  niake-it  e&si^r  tp  insert  the  hew 
^-  bearing,       r  ■  ''^  '•  ■  '   ■  ■-.  ^ 
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When  you  insert  hew  bushings,  be  sureihat 
tlie  bore  into  which- they  aie  pre»|ed  is  clean  and 
that,  the  oil  holes  in  the  bushiftg  and  the  oil 
passages 4n. the  rod4re  aligned.  To  obtaih  proper, 
.clearance,  Sometimes  you  will  need  to  ream  a 
piston  pin- bushing  after  it  has  been- installed. 
Figure  4-27  shows  equipment  jused  to  ream  a 
bushing.  After-^instaiUng  a  hew  ibushing,  you 
.  should  check  the  .^ignm^nt.  of  'the  rod  with 
equipment  such  as  illustrafcd  in  figore  4-28.  5e 
sure  to  check'  the  manufacturer's  te^jhnicaJ 
manual  for  details  concerning  dearances  anf" 
ali^fiihciU^roeedu^s.  ' 

CONNECTINC  RODS 


The' connecting  tod  |s  the  .cQnnecting  link 
between  -the  piston  and  crankshaft,  tl^e  rod 
chaflgps  the  reciprocating  mdtion  of  the  pistoni 
-to  the  rotating  motion  of  the  crank^ft  so  that 
the  forces 'of  cojnbustion  can  be  transmitted  to 
the-  crankshaft.   In  .gejioi^,  the   type  of 
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opptwed-piston  engines  snd  in  some  V-type  - 
'  engines.  Wheji  uscd'in  V-typc  engines,  two  rods 
are  mounted  on  a  single  crankpin.  The  .  two 
cy^nders  selii^ed  are  off^t  so  that  the  rods  9311 
be  operated  s|de-by-side  .  . 

Rods  are!  generally  made  oY  drop  forged 
hcat-treate4  Carisort  steel  (alloy  steel  forging), 
Most  rods  have  an  *T'  or  f*H*'  shaped  cross 
section  which  provides  maximum  strength  with 
minimum'  wei^t.  The  bore  (hub^  eye) -at  the 
pistbn  end  of  the  rod  is  generally  forge4  as  an 
integral  part  of  the  rod  (fig.  4-24)j  however,  the 
use  of  semifloating  piston  pins  (fig.  4-23) 
elintinates  the  need  for  the  bore.  The  bore  at  the: 
crankshaft  end  is  formed  by  two  parts,  one  an 
integral  part  of  the-  ibd  and  tlie  other  a 
remote  CAP.  (See  fig.  4-23 'and  ^4^4.^  Rods 
are  generally  drilled  or  bored  to  prowde  an  oil 
passage  to  the  piston  en4  of  the  rod. 


FIgurt  4'2&-MiM4irifis  i  piston  pm  and  pji^yi^^xithmg 


Jhe  bore  at  the  crankshaft  end  of  a 
conventional^  rod  is  generally  fitted  with  a 
piedsiori  bearing  of  the  shell  type-  (See  fig.  4-23 
<and  4*24.), In  design  and  majteriais,  rod  beani}gs 
ait  similar  to  the  m^^joumal  bearings  which 
are  discussed  in  ponnection  with  crankshafts 
later  in  this  chapter. 


connecting  rod  Aised  in  an  engine  depl^ids  on  the 
cyUiider  arrangement  and  thb  type  of  engine. 

Several  tjJpes,  of  con^iectjng  rods  have  be'^n 
designed;  however/ only  two  (the  oonventiQnal 
rod  and  the  forK  Stnd  blade  rod)  of  those  likely 
to  be  found  >n  marine  engines  used  by  the  Navy 
are  discard  here.   '  ^  '  ■  .-^ 


Conventicmal  Rods  ^ 


^Tbe  conventimal  type  r<^  is  sometimes 
referred' to  as  the  "normal"  or  "standard**  rod 
because  of  its  extensive? '  ijse  by  many- 
manufacturers  and  its  simiMity  to  the  rods  used 
in  .  many  automc^iles.  Examines  of  ^  the 
conA^eittional  rod  are  shown  in  figai;es.4*23  and 
4^1^  Tlie  rods  illustrated  are  typical  of  those 
used  in  engine  of  tKe  single-acting,  in-line  typ?K. 
Rods    of    this  -  type    are    also  ^  used  in 


Frguri4»2&-^flmtf>vingorinttdtif4i«  piston  pki  tsuihfiH^ 
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1.  Afbv.         .  ■ 
5,  C»Ufict«  ivil>»Ag-^front 


1% 


6.  HofldJ*.  •   ■  ; 

9.  C0iiA«€liii«  Rod.  , 


10.  Coj»o*cf^|  Rod^. 
1h  Co4M)f<H(«9  Rod  Cop. 
.12,  FfOM  Gu<d« 
1 3,  l««M^  Gwtd«  iou. 


■     *  ,         ,  '  7S.64 

RQurt  4r28.--Ch«ckin9  Wiflnrotnt  ©f  ■  «>oiMctjnf  rod. 

„•-■        ■'  ■  ;■  -■         ;•     .  V  ^ 

-Connecting  rod  ^searings  tjtf  most  engines  are 
pressure  lubricated  by  pil  from  adjacent  main 
bearings,  through  ^drilled  passages,  the  oil  is 
evenly  distri|u fed  over  the  bearing  surfaces  by  ' 
oil  grooves      the  sliells.  -Bearing,  shells-  have 
drilled  holes  which  line  up  witl]^  an  pil  groove  in  . 
the  rod'  bearing '^eat.,  Oil  from  this  groove  is^, 
forced  to  , -the  piston  pir\"  through, jthe' drilled 
passage  in  the  rod.  .',/■. 


•/ork  and  Blade  (Plain) 
Conne6^gRo^ 

•   .  ... 
While 

two  "conventional  rods  are  used  to 
serve  two.  cylinders  in  some  V-type  engines,  a 
Single  assembly  consisting  of  two  rods  is  used  in 
othej  engines  of  this  type.  As  the  name  implies, 
one  rod  is  fork-shaped  at  the  crankshaft  aid  to 
receive  the  |?lade  rod,  lo 'generaljork  ari^adS 
rods  are  similaf  to  conventional  rods  in  material 
and' .construction.  -Howevef>^esigiV  at  the 

Jrankpin  end  (fig.  4-29)  obviously  differs  ftora  ' 
tiafof  the  conventional  rods.  '  ' 

^/rtie  bea^ngs  X)f  fork,  and  blade  rods'are'  • /' 
,  similar  to  those  already  Jscussed,  except  that  . 

the  i^ells  must  have  a  bearirig  surface  on  the  ^ 
'  outer  .suiface  to  accommodate  the  blade  red  .In 

some  models,  the  metal  jjsed  for  bearing  surfaces  -  - 
.  differs  from  that  lised  in  the  bearings  of  many 
.  conventional   rods.   Fori  * 
■  hi^-speed,  gasoline  ei 


*  example,  in  some 
les  the  shells  arc  steel 


b^ck^,  opd  the  Inner  lurfaqe  is  lined  with 
lead-tin  plated  'pure  sijvei<^  A  center  band 'of 
perKunplated)  is^pUcd  to  the  outer  surface 
H  t^e  shells  tp  provide  a  Ijeaiing  surface  for-the 


s, 
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Rgure  4-2fit,'-Fp{-k  and  biadt  contMc^g  rod 


Jblade  rod.  A  variety  of  bearing  materials  is. 
found  in  the  crankpin  bearings  CST  some  V-type 
diesei  erigines.  one 'model  th<?  upper  shell  Is 
steel,  Uned  inside  and  outi&ide  witb  Jead-bronze 
bearing  .metal  viliichns  lead-tin  i^lated.  Tlie  lower 
shell  is  a  solid  bliiiled  cast  lead  brohze^lead-tiii 
piated,  bearing.  \ 


>  CRANKSHAFTS    '  ,         .  . 

As  one  of '  the  largest  and  most  important"^ 
moving  parts  ul  an  engine,  the  'cranksliaft 
changes  the  movement  ,of  the  piston  and  the 
connecting  rod,  into  ths  rotating  hiotidn  that  is 
needed  to  'drive  suclr  items  as  rednctipfi  gears, 
propeller  shafts,  genejatorst  purnis,  etc. 

As^the  name  implies,  the  craivkshaft  consists 
of  a  series  of  cranks  (throws)*  formed  as  offsets 
jn  a  shaft., The  cranksliaft  issubjected  to  all  the 
forces  developed  in  an  pn^ife.-  Because  of  this, 
the  .shaft  ^  must  13^'ofS  espedally  .  strong  ; 
condiruction;  it  is  usually  machined  from  forged 
alloy  or  high-carbon  steel.  The  shafts  o-f  some 
engines  ape  made  of  cast  iron  alloy.  Forged 
crankshafts  -are    nitridcd-heat  treated-to 


increase  the  strength  of  the  sliafts  and  to 
minimize  wear. 
'  .  While  crankshafts  of  a  fef  larger  engines  are 
of  the  built-up  type  (forged  in  separate  sections 
"ahd  ftjmged>  together),  the*  crankshafts  of  most 
modem  engines  are  of  one-piecet  construction 
(fig. 4-30).      .  ■       -  '       ■  •• 

CRANKSHAFT  TERMINbLOGY 

Inie  parts  of  a  crankshaft  may  be  ideottified 
by  various  wgrck;  however,  the  terms  used  in 
figure  4-30^  arc"  most  commonly  used  in  the 
manufacturei^s  technical  manuals  for  the^p^nes"^ 
used  by  theisavy.   \  *  / 

The  MAIN  JOURNALS  serve  ak  the  points 
of  support  and  as  ti^e  center  of  rotatibiv-for  the 
shaft.  As  hoaxing  surfaces,  the  mainjoumals  and 
'  the  connecting  rod  journals  of  mos^  crankshafts 


are  surface^  hardened  so  that  -  a  loiTger  wearing^ 
more  durable  bearinglmetal  can  be  used  without 
causing  exoessive  . wear  ©I  the 'shaf^ 

As  illustrated  in  figure, 4-20,  cranksliafts 
have  a  maii4sjoyrp>am  and  S)  at  each^ndpf  the 
shaft.  Usitelly^  there  is      intermediate, main 
journal  .(:?)  between* the! cranks;  however,  in 
";small  shafts, ^terra^iate  journals  may  not  be 

"uted-,  \  ' 

Each  CI^AfsfK  (thrdw)  of  a  sliaft  consists  of 
three  parts/twd  webs  and  a  pin.  Crank  webs  are 
sometimes  called  clieeks  or  amis.  The  cranks,  or 
tjirows,  provide  points  of  uttachment  for  the 
connecting  rods  whicli  are  offset  from  the  main 
^journals.*.    \  - 

In  rriany  cranksliafts,  especially  in  "large 
engines,  the  connecting  rod  journjjils  and  maxn^ 
jiQj^^ls 'are  of  holbw  -  construction.  Hdllow) 
construction    not    only    reduces  weight 
considerably  but  also  provides  g  passage  for  the 
flow  6f  lubricating  oil  (fig,  4-31). 

The.  forces  that.,  turn  the  cranksliaft  of  a, 
dieser^ngine  are  produced  and  transmitted' to 
the  crai^sliafh^  in  a  pulsating  manner.  These 
pulsations  create  torsionatfVibrations,  whi^jh  are 
capable  of  severely  damaging  an  engine  if  they 
^are  not  reduced,  or  d^pNad^by  opposing  forces*^ 

l^ariy  engines  requi^  an  e^ttra-  damping^ 
effect  to  ensure  satisfactory  ^operation.  It  is 
ustially  provided  by  t^jfsional  vibration  dampei^ 
-mounted  on  the  ffJe  end  of  the  .crankshaft. 


Gil 


.  ENGINEMAN  3  &  2 


7S.81X 


<   ^  .      •       /  76.82 

FIgura  4'3t.-Afi  txMmJte  of  hollow.  coan«etif^9  rod 
)»oumal  obnatnictiai.  / 

5everai  types  of  torsional  dampers  arc  currently 
•  in' use.  ■     /         ■  •   :.  ■ 

■  -  -^    ^   /   ~    ■  ■  ■  ■  ■  ' 

On  soifie  cranJtshafts.  part  of  the  web  of.the 
crankshaft  e^^t'ends  beyond  the  maiii.Joumal  to 
form  ►  or  ?  to  'support  cbun^rweiglits.  These 
countcrwei^t's  may  be  integral  parts  of  the  web 
(fig.' 4^30)  or  may  be  separate  units  attached  to  , 
the  web  .by  studs  and"  nu^s.  Coujiterw^ights  * 


baiai^ce.the  offiSenter  weight  of  the  indRiabStC 
crank"  and  thereby  compei^sate  for  centrifugS^ 
force  generated  by  each  rotating  crank.  Without 
such  balance,  the  .erank^action  will  creatp  scVere. 
vibrations,  particularly  at  the  higher  speecls.  If ' 
such  vibrations'  are.  not  pDntroUed,  the  shaft -is 
likely  to  become  damaged  because  excessive 
vibration  cai^s  rapid  wear  and  leads  to  failure 
.oY  metal  sinig^re.  Counterweiglits  use  irtfertia  to  ' 
reduce  the  pulsating  effect  of  power  impulses  in 
the  same  manner  as  the  flywheel.  Flywheels  are  . 
dcscribfecJ  later  in  this  chapter.  '  ■  '    ,  * 

■   .  ^  ■      *  .  ■ 

CRANKSHAFTS  AND  LUBRICATIl 

Whether  a  crankshaft  is  of  solid  construction 
(fig.  4-30)  or  of  jboliow  construction  (fig.  4-31), 
the  main  journals,  the  connectsig  tod  joumalsL, 
and  the  webs  of  most  shafts  have  drilled  passages 
for  lubricating  oik  T>yo  other  variations  in  the 
interior  arrangement  of  oil  passages  in  . 
crankshafts  are  shown  -in  figure  4-32^  A  study  of 
these  two  Oij^assage  arrangements  will  give  you 
an  id^a  of  the  part  the  crankshaft  plays  in  efigine  ^ 
lubrication.   ^  §  ■ 

In  the  system  illustrated  in  part  A  of  figure  '  f 
4-32,  each  oil  passage  is  drilledsthrough  from  a  ' 
main   bearing  journal  to*  a  connecting  Tod< 
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passage  to  lubricate  the  connecting  rod'  bearing. 
From  there  .it  floNvs  ^through  ^the  drill^ 
connecting  rod  to  lubricate  the  piston  pin  and 
cool  the  piston. 

•  • 

In  engines  that  use  crankshaft  oil  passage 
arrangements  like  those  just  discussed  and  like 
that  shown  in  figure  4^3 1 ,  the  connecting  rods 
are  drilled  to  carry  the  lubricating  oil 'to  tK« 
piston  pins  and  piston.  Not  ail  engine  lubricating 
systefns  have  drilled  connecting  rods;  In  some 
V-type  engines  that  have  a  fqrk-and-blade  type 
connecting  rod,  drilled  passages  supply  oil  to  the 
'  main  and  connecting  rod  bearing^but  oil  from 
the  lubrication  and  cooling  of  the  pistpn 
jassembly  may  be  supplied, by  centrifugal" force 
or  by  separate  supply  lines.  Variations  in  engine 
lubricating  systems' are  discussed,  later  in  another 
chapter,  *  , 
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Figur*  4^32.-Exainptei  of  o^ankiiMft  oil  pfd^  trrMgi- 
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Journal,  the  oil  passages  are  in  .pairs  which 
crisscross  ^ch  other  in  such'a  way  that  the  two 
oil  holes  for  each  journal  are  on  opposite  sides 
of  the  journal.  These  holes  arp  in  axisd  alignme'nt 
-with  the  oit  grooves  of  the  bearing  shells  when* 
the  shells  are  tp  place.  Since  th'e::o\f  groove  in  a 
bearing'gbes  at  least  halfway  around  thel)earing, 
a  part  of  the  groove  will  always  be  aligned  with 
at  least  one  of  the  hple&.  ^.  ' 

In  th6  oil  passage  arrangement  ^own  in  part 
B  of  figure  4-32  (shaft  is  showg  in  4-30),  the 
passage  is  drilled  straight  through  the  diameter 
of  each  main  and  connecting  'rod  journal  A 
single  diagonal  passage  is  drilled  from  -^th^. 
outside  o|f  a  cranksliaft  web  to  the*cente?r*of  the 
next  m[iin  journal.  The  diagonal  .  passage 
connects  the*  oil  passages  in  the  two  adjoining 
connecting*  rod  Journals  •and 'main  journals,  the 
outet  end  of  the  diagonal  passage  js  plugged. 

Lubricatfhg'  oil  under  pressure  enters  the 
.  main  bearing  and  is  forceti  through  the  diagonal 
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CRANKSHAFT  THROW 
ARRANGEMENTS 


The  smooth  opertition  of  an  engine  and  its  , 
steady  production  of  power  depends,  to  a  great 
extent,  on  the  arrangement. of  the  cranks  on  the 
shaft  and  on  thfe  firing  order  of  the  cylinders.  To 
obtain  uniform  rotation  of  the  crank'Sl^aft  in  a 
multicylinder  engine,  the  power  impulses  must 
be  equally  spaced  with  respect  to  the  angle,  of, 
crankshaft  rotation'  arid,  when  possibly  Vliey-^ 
must  be  plai^d  .so  ^at  successive  explosp:ps  do  ' 
riot    occur   'in    adjacent   cylinder^,  'fThis 
arrangement  rs  i^ot  always  possible,  espe^^y in 
2^,  3-,  and  4-cylinder  engines.)  1 

t  ,  ^  " 

i  '      «  ■       «  ' 

Crankshafts  may  b^  classified  according  to  ^ 
the  number  of  throws^one  throw,  two  throw^ 
etc.  TKe^  6'throw  shafi  illustrated  in  figure  4-30  - 
is  for  a  6-cyKrider,  in-Une,  2-^roke  cyde  engine/ 
Shafts,  of  similar  desi^  can  be  used  in  a.  „ 
12-cyIinder,  V-type^ngine'and  in  a  2<f-cyUnder^ 
pancake  or  vertical  shaft  engine. 


.  Thd  n^ber  of  crank^^  and  ttkii  arrangement 
on'  the  shaft  depend  on  a  number  of  factors, 
such  as  the  arrangement  of  the  cylinders  (in-linfe, 
V-type,  pancake,  flat,  etc),  the  nuiiiber  'of 
cylindtfrs,  and  the  operating  cycle  of  the  engine. 
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TTie  "arraiTgcmKMit  of  throws  wjth  respect  to  one 
anothe-r  aiid  with  rcspect  to  the  drcumfereiice  - 
oC  the  main  journals  is  generaliy  expYessed  in 
degrees.  In  fan  in-line  engine,  the  number  of 
degrees  between  throws  indicates  the  number  of  • 
.  .  degrees  the  ^ankshaft  must  rotate  to  bring  the 
pistons  to  TDC  in  firing  order.  This  is  not  true  in 
engines  where  each.throw  serves  moh;  than  one 
cylj'nder.  See  figure  4-33  (foldout  al»  end  of 
chapter)   which  Hsts  the  examples  of  nine 
arrangements  of  throws  with  respect  tacyUnder' 
arringeVtient.  "the  number  of  cylinders  sefved  by 
each  throw,  and  the  firing  order  of  the  cylisders. 
(The  slcetches  in  fig.  4-33  are  not  drawn  to  scale .. 

■  and  do  nbt  indicate  relative  size.  The  sketches 
are  for  illustrative  pu^rposes only.)  ■  ^  ' 

In  'Situdying  the  examples  in  figure  '4-33,"" 
,  ;  rcmeni'ber  that  the  crankshaft  must  make  only 
•^ne   revolution   (360°)  in   a   2-stroke  cycle; 
whereas  two  revolutions  are  required  ij^  a 
4-stmke  cycle'.  In  -examples  (a)  and  (b),  the 
shafts  have  the  same  number  of  throws,  biH 
other  factors  are  somewhat  different/ Since  the 
4-cyUnder  engine  in  example  (a)  operates  on  the 
4'5tr<}ke  cycle,  throws  1  and  3,  3-  and  4,  4'  and  2, 
and  2^ and  I, (see  firing  order)  must  be  180" 
apart  in  order  for  the  firing  to  be  spaced  eveaily 
in    720°    of    cranks'haft    rofatidn.    In  the 
16-cyliuder  p^mcake  engfne  in  example  (b),  the 
.•^situatiof^s  somewhat  different.  Firing  must  take 

■  glacu  wflSiin' fewer  degrees'of  shaft  rotation  in 
-  brdt'r.  for.  air. cylinders  to  O^-'^^iu  the  cycle. 

Siipcc  ^16  cylinders  must  ^te  ^n  360"  shaftr 
^*  i^t^  in  i  2-stroke  cycle  eqgint,  tlwre  can- be 
K2^'\t1('  shaft  rotation  between  firings.  To 
^  ;  4iccomplish  jthis,  the  connecting  roit  joumals  are 
?  'spaced  at  imequal  angles"  to  obtain  uniform  • 

*  *  cylinder -  firing  mte'mls  in  tki-  90°  cylinder 

■  banks.  Sliafts  witli^the'throw  arrangements  of 
this  type  are  the  exception  and  not  the  rule. 
Note  thj|t  infill  the  other  examples,  the  'throws 

'^are.  et^aU^  spaced,;,  regardless  of  cylinder 

arrangement,  cycle  of  opprytion' or  number  ,01" 
•\  cyliofders.  .  :  "  /     •'    »■      -  ■ 

*   ■       -  •    .  ,  ■  ■  '  ■  ". 

•  -  '  Jn  examples  (c)  and  (d)||je.shaft  design  and 
,,  the  iiumber^bf -.degrees  between  ttyows  are -the 

saflje.  Vet  the  shaft  in  examplejd')  fires  twice  as 
many  cylinders.  This'  Is'  posrfble  because  one 
.  th^QWi-t^roligh  a  fork-and-blade  rod  serves  two 


cylinde^rs  which  are  positioned  in  60°  banks. 
Thus,  even  though  both  engines  operate  on  the 
4-strQke  .cycle,  the  1 2-cyIindei:  engine  require 
only  60*  sliaft  rotation  between  power  impulses. 

In  examples  (e)  and  (0,  other  variations  in" 
shaft;  throw  arrangement  and  firing  order  are^ 
shown.  Note  that  the  differences  are  goverencd. 
to  a  great  extent  by  the  cylinder  arrangement, 
the  riumtSir  df  cylinders  serv?d  by  the  shaft  and 
by  ^ach  throw,  and  thV  operating  cycle  of.  the 
engine.   How'  these   factors,  influence  throVV^ 
arrangement  and  firing  order  can  be  seen  by 
4omparing  some  of  the  examples.  For  instance, 
there  are  six  ^rows  shown  in  examples  (c)  and 
(e),  yet  tl^ey  aa-e  1 20*  apart  in  one  snd  60"  apart 
in  the  other., Why?  The  cylinder  arrangement, 
the  total  number  of  cylinders,  and  the  number 
of  cylinders  ^rved  by  each  thro>y  are  the  same. 
In  cx^amples  (c)  and  (e),''tlie  operating  cycle  is' 
the-  controlling  factor  in  throw  arrangement. 
This  is  not  true  in  examples  (e)  and  (f).  Bqth 
shafts  have  six  throws  jocat(j^  60**  apart,  and  the 
operating  cycle  is  the  same  in  both  examples. 
However, '  tlie  amount  of  crankdtaft  rotation- 
between  firings  is  30°  kss  in  example  (0  than  in 
example  (e).'  Then,  the  controlling  factors  in 
♦these  ex^^les  are  cylinder  aitangsmtot,  total 
number  ^  cylinders  served,  anfl^ the -number  of 
cylinders  "serv^  by  each  throw.  (In  examples  (0 
and  (i)  , in  the  Throw -Arrangement  (End  View) 
coluprt    of    figure  '4-33;   the^  ^numbers  in 
parentheses,  identify  the  additibhal  cyhndei# 
served  hy  the  throw;  for  instance,  thcj^wibers  1 
OY  in  example  (f)  signify  that '^Jumber  1 
c^mnecting  rod  journal. servesjeylmders  1  ^d  7.) 

•  '       •  ■  \[- 

Ej^ples  (g)  through  (i)  6^ow^yariation&.in 
ol^  ^ 


S-thro^cran  kshafts', 


CAMSHAFTS 


The  camshaft  is  a  shaft  with'  eccentric 
jprojectibns,  called  cams,  designed  to  control  the  - 
opefatipn  of  valves,  usiTally  through  various 
■.intermediate  parts  as  (rfiwribed  in  Chapter  5^. 
Originally,  cajns*  were  made      separate  piece§  ^ 
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and  fastened  to  the  c^^ft-  However,  in  mc^t 
modem  engines  the  cams  are  forged  or  cast  as  an 
integral  part  of  the  camshaft    .  -  - 

To  reduce  we v  and'  to  help  th^  withst^d 
the  shock  action  to  .which  they  are-  subjected, 
camshafts^  are  made  of  low-carbon  alloy  steel 
with  the  ^am  and  journal  ^rfac^s  carburized. 
tease-hardened)  before  thfi  Gnal  grinding  is  done. 

Th^  cams  ait  arranged  cm  the  shaft  to 
provide  the  proper  firing  order  of  the  cylinde* 
servec|.  The  shape,  of  the  cam  determines  the 
point  of  opening*  and  closing,  the  speed  of 
opening  and  closing,  and  the  amqunt  of  the 
valve  lift.  If  one  cylinder  is .proj^riy  timed,  the 
remaining  cylinders  are  automatically  in  tinfe. 
'AW  cylinders  will  be  affected  if  there  is  a  change 
in  timing.-         ;  '  ] 

^  The  camshaft  is  driven  by  the  crankshaft  by 
various  means,  the  most  commoiv  being  by  gears 
or  by  a  chain  and  sprocket.  Tlie  camshaft  fof  a 
4-stroke  cycle  engine  must  turn  at  one-half  the 
crankshaft  speed;  whik" in  th^  2-stroke  cyple 
engifie,  it  .turns  at  the  s^e  «peed  as  the 
crankshaft.  '  %  ^ 

The  location  ,  of  the  crank^aft  differs  in 
various  engines.  Cafn shaft  locations  depend  Qn 
the  arrangement  of  the  valve  mechanism,  The. 
*  location  apd  operation  of  the  camshaft  in- 
various,  types,  of  engines  is  discussed  and 
illintratecl  in  the  next  chapter. 

.  ■ ;  ■  "H-  ,  ' 

.  JOURNAL  BEARmdS 

f  ■  ■ 

'  .  In    the    past,    journal    bearings  .  tor 
intemat-coiiibus'tion^  engines  were  "the  poured 
►  ,babl?itt,  type;  tha't  is,  the  babbit'' lining  vfas 
poiJred  (cast)  directly  in  the  bearing  housing  and 
, 'cap..  Poured  beating  require  hand  scraping io. 
«-  obtain  a  finished  fit  to  the  journal;  also,  jthe 
^ii^earin^  clearance;  rnust  be  adjusted  by  placing 
^  shims  between  the  bearing  housing  and  the  cap. 
Poured  babbitt  ^'pe  bearings  are  not  cbmnionly 
used  in  modem  engines;  instead, ^replacea^^ 
'precision  type  bearing^  are  used,  ^ 

P|^cisipn    type    bearings,   which   act  as 
supp9rts  and  in  which  the  maip  journal'  of  the 

Sankshaft  devolves,  are  generally  referred  to  as 
AIN  .BEARINGS,  Main  bearing  in  most 
engines  arp  of  Ihe^sliliihg  contact,  or  plain  type, 
consisting  of  two  half-shells.  (See  fig.  4-34.)  The 


\ ,  mas 

Figure  4*34.-MiMn  ioumai  btiYirm  thdls. 


location  of  main  engine  bearings  in  one  type  of, 
block  is  shown  in  figure  4-35.  ' 

O    Hie  main  journal  bearings  of  most  "marine 

^engines  used, by  the  Navy  ma^  be  divided  into 
four  "  principal  groui^s  according  to  the. 
construction  of  the  bearings  and  the  materials 

iused'  One  group  includes '  the^  BRQNZE-B AC^^ 
SAf CO  arid  STEEL-BACK  SATGO  BEARINGS. 
These  bearings  are  sometimes  referred  to  as, the 
bimetal  type.  This  type  of  bearing; consists  of  a 
bronze  or  ^teel  back  bonded  with  a  bearing, 
material  of  higli^ead  content.  Thfc  specifications 
for  |he  back  material  are  based  on  the  type  of 

•  bearmg  and  the  service  for  which  it  is  intended. 
The  bearing  material,  known  as  Satco,  consists 
of  about  98%  lead  and  1%  tin;  ^ 

Another  group  of  bearings  f  is  the 
TRIMETAL  bearings,  A  bearing  of  this  type  has 
a  steel  back  l)onded  with  an  interm^iate  layer 

|R  bpnze  to  which  is  bonded  a  layer  of  bearing 
material.  The  bearing  inateriai  is  eithw  lead-base 
babbitt  or  tin-bas€L  babbitt- 

.  COPPER-LEAD  ttiyn  joucrtal  bearings  are 
usually  constructed  of. a  layer  of  copper-lead 
bonded  to  a  steel  back.  Some  of  these  bearings 
consist  of  only  a  copper-ieed  shelL  Copper-lead 
bearings  are  sojjjetimes  plated  with  tin-lead  or 
indium.  The  Vl^^^^ll  serves  primarily  as  a 
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provide  a  means  of  adjustment  to  compensate 
for  wear.  The  bearings  of  medium  and  small 
engiiies  have  no  shim  adjustment.  When 
non adjustable  bearings  have  worn  the  prescribed 
amount,  they  must  be  jeplaced. 

bearings  and  their  housing  and  caps  are 
precision  machined  with  a  tjjjeiance  sufficiently 
close  that,  when  properly  installed,  fh&  bearings 
are  in  alignment  with  the  journals  and  fit  with  a 
predetermined  clearance.  The  clearance  provides 
space  for  the  thin  film  of  lubricating* oil  wiiich  is^ 
forced,  uji^der  pressure,  between  the  journals  and 
the  bearing  surfaces.  Under  normal  operating 
conditions,  the  film  of  oil.  surrounds  the  journals 


protective  coating  against  corrosion.-  Bearings  of 
the  coppeMead  type  are  relative!^  hard; 
therefore,  when  copper-lead  bearings  are  used, 
the  journal  surifaces  of  the  shaft  murf  be  harder 
than  those  required  when  other  types  of 
bearings  are  used.  This  point  should  be  kept  in 
jniild  when  bearini^  are  being  replaced. 

Bearings  made  of  ALUMINUM  AIJ^OYS  are 
becoming  increasingly  popular'  for  use  in  di^sel 
engines.  These,  alloys  mayk  contain  qp  to.6%'ti^* 
'The  bearings  may  be  o^ither  solid  or  bimetal 
co^ruction.  .  .  '\ 

Main  beariiigs  of  the  predion  type  with 
shims  jfre  installed  iA  some  large  ejigines.  Shims 
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at  all  engine  load  pressuresTM^ubricating  oil 
enters  fke  bearing  shells  from  the  enginft^ 
lubricating  system,  through  oil  groovJis  in  the 
bearing  shells^  (See  fig,  4-35-)  These  inlets  and. 
grooves  are  located  in  the  low-]in2S|ate  area  of 
the  bearijid.  D  • 

Main  \bearings' are  subjected  to  a  fluctuating 
IGad,  as  a^e  the  connecting  rod  bearing  and  the 
piston  pin  bearings.  However,  the  manner  in 
which  main  journal  bearings  are  loaded  depends 
on  the  type  of  engine  in  which  they  are  used- 

In  a  2-stroke  cycle  engine,  a  load  is  always 
pltto^d  on  the  lower  half  of  the  main  bearings 
and  the  louier  half  of  the  piston  pin  bearings/In 
the  connecting  rod,  the  load  is  placed  upon  the 
upper  half  of  the  connecting  rod  bearings  at  the 
crankshaft  end  of  the  rod.  This  is  true  because 
the  Torces  of  combustion  ape  greater  than  the 
inertia  forces  created  by  the  moving  parts. 

In  a  4-stroke  cycle  engine,  the  load  is  applied 
first  on  one  bearing^  shell  and  then  on  the  other. 
The  reversal  of  pressure  is  the  result  of  the  Igrge 
forces  of  inertia  imposed  during  the  intake  and 
extiaust  strokes.  In  other  w6rds,  inertia  tends  to 
lift  the  ctankshaft  in  its  bearings  during  tfie 
intake  and  exhaust  strokes.  -  : 

BEARING  TROUBLES 

Beiirings   become  a  continual  so.urce  ^^f 
trouble    unless    personnel    entrusted  with 
operation    of    the    engine    follow  the- 
recommended    o^K'ration    and  maintenance' 
procedures  ejta<:tly.  » 

Severe  bearing  ftiiluresymay  be  evidenced 
during  engine  operationMvjya  pounding  noise  or 
by  the  presence  of  smoke  in  the  vicinity  of  the 
crankcase.  Impending  failures  may  sometimes  be 
detected  .  by  a  rise  in  the  lubricating  oil 
temperature  or  ^  lo\verhig^f  th'e  lubricating  oil 
pressure.  Evidence  of  fmpending  bearing  failures 
may  be  detected  during  periodic  maintenance 
checks  of  durinjg  engine  overhauls  by  inspection 
of  the  bKiaring  shells  and  backs  for  pits,  grooves, 
scratches,  ppvpvidence  of  corro&ipn . 

Thj2  indication  of  an  impending  failure  does 
not  necessarily  mean  that  tl^C^T^^aring  has 
completed  its  useful  life.  Jourrial  bearings  may 


perform  satisfactorily^  with  as  much  as  10%  of 
tlie  loadKjarrying  a?ea  removed  by  fatigue  /  ^ 
failure.  Other  minor  casualties  may  be  repaired  /  . 
so  that  a  bearing  wiU  give  additional  hours  of/ 
satisfactory  service. 

Bearings  should  jiot  be  rejected  or  discarded 
for  minor  pits  or  minute  so-afches,  however,  » 
areas  indicating  metallic  contact  between  the  \ 
bearing    surface    and    the   jourrial  mean 
replacement  is  needed.  Use  a  bearing  scraping 
tool  to  smooth  minute  pits  and  raised  surfaces.  . 
After  performing  work  on  t^arings,  make  every 
effort  to  ensure  that  the  bearing  surfaces  are 
clean.  This  also  applies  to  the  beefing  back  and 
the  connecting  rod  journal.  Placx  a  filnj^of  clean 
lubricating  oil  on  the  journals  and  the  bearing 
surfaces  icfore  they  are  reinstalted. 

INSTALLATION  OF  ^    /  . 

JOURNAL  BEARINGS 

Always  check  the  markings  of  the  lower  aiid^  *  • 
upper  bearing  hirives  so  that  you  install  them 
corcectly.  Many  bearings  are  interchangeable 
when  new,  but  once  they  have  becorrie  worn  to 
fit  a  particular  journal  they  must  be  reinstalled  _ 
on.  that  particiUar  journal.  You  must  mark  or 
stamp  each  bearing  half  with  its  location 
(cylinder  number)  and  the  bearing  posi^on 
(upper    or  -4ower)   to    prevent  inojmccti, 
installation.  ,  '  ^ 

You^,must  pull  the  connectirig  rod  bearing 
cap  nuts  down  evenly  on  .the  connecting  rod . 
bolts  to  prevent  possible  distortion  of  the  lower 
bearing  cap  and  consequent  d(amage  to  the, 
bearing  shells,,  cap,  and  bolts. f^e  a  torque 
wrench  (fig.  4-36)  to  measure  th^  torque  applied 
to  each  bolt  and  nut  assembly. jApply  the  same 
torque  'to  each  .  bolt.  If  f  manufacturer 
recommends,  the  use  of  a  torque  wrench,  the 
specified  torque  will  be  listed  in  the\. 
^manufacturer's  technical  manual. 

Another  mettnSd  for  puj^ing  down  the  nuts 
evenly  is*  to  stretch  each  boltian  equal  amount  ^ 
and  measure  the-distance  from  end  toVnd  of  the  * 
holt  hefore  ^d  after  tightening-  Figure  4-37  ^ 
shows  the  type  of  gage  used,  and  figure^  4-38 
illustrates  the  g^e  in  use.  TTie  proper  elongation 
may  be  obtained  from  the  engine  manufacturer's 
technical^  manual. 
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Ftj||ui«^36.-Utin9  i  toniut  wrench  to  tighttn  •  nwir 


After  reassembling  a  bearing,  always  bar  oj^ 
jack  over  the  engine  by  hand  through  several 
'revolutions  to  ensuje  that  all  reciprocating  and 
rotating  parts  arc  functic«iing  freely  and  that ' 
there  is,  no  binding  between  the  main  and 
connecting  rod, bearings  and  the  cranicshaft.  Hie 
larger  diesel  engines  must  be  turned  over,  first 
by  the  manujl  jacking  gear  provided  and,  thgn, 
by  the  en^ne'starting  system. 

Mewuring  Bearing  Oearances 


The  use  of  leads,  shim  stock,  or  other  such 
devices  is  not  recommended  for  determining  the 
•clearance  of  precision  bearing.  Ifthey  are  used, 
srft  bearing  material  -ootild  be  seriously 
damaged.  You  should '  .usq^^  a  micrometer 
especially  fitted  with  a  spherical  seat  to  obtain 
the  thickness  of  bearing  shells.  Place  the 
spherical  tip  tRainst  the  inSide  of  the  bearing 
shell  to  obtain  an  accurate  reading  and  to 
prevent  injury  to  the  bearing  material.  Figure 
4-39  shows  a  micrometer  caliper  especially  fitted 
with  a  stiecl  ball  for  measuring  bearing  thickness: 


An  alternate  method  of  obtaining  clearance 
is  wjth  a  Plastigage  (fig.  4-40).  The  Plastigage 
will  not  leave  an  ^pression  in  the  soft  bearing 
metal  because  the  gage  material  is  softer  than 
the  bearing.  To  use  tliis  method,  place  a  length 
of  the  Plastigage  of  proper  gage  across  ,  the 
bearing.  Then,  assemble  the  bearing  cap  and 
tighten  it  in, place;  when  using  this  method.'DO 
NOT  TURN  the  crankshaft,  as  that  would 
destroy  the  Plastigage.  Now,  remove  the  bearing 
cap;  the  width  of  the  Pjastigage,  after  crushing, 
will  give  a  reading  of  the  exact  clearance,  by 
ieference  to  the  accompanying  chart  on  the 
Plastigage  package.  ,  ■ 

^  Measurements  must  be  taken  at  si^icmed 
intervals,  usually  at  every  overhaul,  to'  establish 
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FUU  WIDTH  OF  KAI^UIG 


.FtQUrt  i'S&^-MiittuniHi  bolt  •ionsation. 


INSTAUtNG 
PLASTIQAGE 


^  MEASURING 
-  PUSTIGAGE 


^      ^     ^  75.327 
Figliri  4-40.— Ct^king  boarmg  dei^wtce  witii  a  Pinti- 

gage. 
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the  anidltnt  of  bearing  wear.  A  sufficient 
number    of    crankshaft   journal  diametec^ 
measurements  should  be   taken   at  suitaBk 
points,  to  dgtennine  Bpssibie  outK)f-roujridness. 

With  some  types  of  engines,  a  crankshaft  ^ 
teidge  gage  (fig.  4*4 1)  is  used  to  check  the  wear 


of  the  main  bearing  shells.  Place  the  gage  oa  the 
crankshaft;  as  shown,  and  measure  the  clearance 
between  the  brjdj^e  gage  and  shaft  ^th  a  feeler 
gage,  Any  variation  betyj^en  the  measured 
clearance  and  .the^  conecJt^learance  (usually 
stamj^^f^on  the  *  holsing  of  each,  bearing) 
^indicates, th^t  main  bearing  Weap  has  cccurred^ 
The.  maximum  limits  of  wear  ar^  listed  in  the 
manufacturer's  technical  manual.  Some  engine 
manufacturers ,  recommend,  'tjiat  bridge  gage 
readings   be    taken    at  ,  e'rory   overhaul  in 
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conjujiction  with  crank  web  defkction 
measuiements. 

REPAIR  OF  SHAFTS 
AND  JOURNAL  BEARINGS 

The  repair  of  crankshafts,  camshafts,  and 
bcarini^  varies  depending^  on  the  extent  of 
damage.  There  is  no  doubt"  about  the  necessity 
for  replacing  such  items  as  broken  or  bent 
crankshafts  and  camshafts,  camsha^  with 
damaged  integral  cams,  and  failed  camshaft 
bearings,  Out-of-round^ journals  may  be  reground 
■  and  undcrsize  bearing  shells  may  be  installed, 
but  this  requires  personnel  skilkd  in  the  use  of 
precision  tools.  If  available,  a  oew  shaft  should 
be  installed,  and  the  damaged  shaft  should  be 
sent  to  a  salvage  reclamation  center.  Under 
certain  conditions,  scored  crankshaft  journals  or 
damaged  journal  bearing^  may  bie.  kept  in  service 
if  proper  repair  is  pcrfo^ed.-  . 

.      Repair  •  of  SdOR^D  JOURNALS ,  depends ' 
upon  the  extent  of  scoring.  If  a  crankshaft  has 
been  Overheated, ^pc  effect  of  the  original  heat- 
treatment  will  have  been  destroyed,  and  it  will 
be  advisable  to  replace  the  crankshaft,  ^  ' 

If  journal  scoring  is  only  sligiit,"  you  can  use 
an  oilstone  for  dressing  purposes  if  you  take 
:  precautionary  measure  with  respect  to  abrasives 
during  the  procedure.  During"  the  dreeing, 
operation,  fou  should  plug^  all  -oil  passages 
within  the  journal  and  those  connecting  the 
mahi  bearing  jfijiwial  and  the  adjacent 
connecting  rod  journal.  •  ' 

'     In  the  dressing  procedure,  use  a  fine 
,  Oilstone,  foUowcd  with' crocu§  cloth,  to  polish 
the  surface.  After  dressing,  ilways  wash  the 
journals  with  diesel  oil  fhis  pipcedure  must 
Include  washing  of  the  intemjal  oil  passages  as 
_wcU  as  the  outside  journal  surfaces.  ^Som?' 
passages  a»  large  enough  to  accommodate  a 
cleaning -bmsh;  smaller  passages  can  be  cleaned 
•  by  blowing  them  out  with  compressed  air.  TTie 
passages  should  always  be  dried  by  bkjwing 
compresse4  air  thrcHJgh  them. 

NEVER  STOW  A  CRANKSHAFTv  OR 
BEARING  PART  ON  ANY  METAL  SUilFAcp. 
When  you  remove  a  shaft  from  an  engine,  you 
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must  place  it  on  a  wooden  plank  wi'th  all  journal 
surfaces  prbtectcji.  If  the  shaTt  is  to  be  exposed, 
for  some  time,  you  should  protect  each  jounlal' 
.surface  with  a  coating. of  heavy  grease.  Always 
place  bearing  on  wooden  boards  or  dean  cloths, 

^RANKSHAFT  overhaul  consists  of  an.} 
inspection  £md'  servicing  for -scoring  and-  wear^ 
and,  also;  a  determination  of  each  crank  weB" 
deftection.'  Crank  web  deflection  readings  sh<^ld 
be  taken  in  accordance  witli  the  Planned 
Maintenance  System.  ' 

A  strain  g^e,  often  called  a  craiik>web 
deflection  indicator,'  is-  used  to  "take  defection 
readmgs.  The  gage  is  merely  a  dial-reading  inside 
micrometer  used  tc^^easure  the  variation  in  the 
distance  between  adjacent  jcrank  webs  as  the 
engine  shaft  is  barred' over.  Figure  4-4,2  shows  a 
.strain  gage  betwmi  crank  webs...  v 

1  "When  installing  the  gage,  or  ■  indicator, 
between  the  webs'  of  a  crank  throw,  be  sur^  that 
•the  ga^e  is  placed  as  far  d  possible  from  the  'axis  • 

j/bf  the  TOnnecting  rod  journal..  The  ends  of  the 
indicator  should  rest  in  pricfisiunch  marks  in  the 
crank  webs.  If  these  marks  are  not  present  you 
must  make  them  s^  that  the  indicator  c^- be 
fjlaped  in,  ^ts  correct  posilion.  Consult  the  . 
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manufacturer's  technical  manual  for  the  prpper 
location  of  ni^w  itwrks.       '     :  ,  ^ 

Rwuiing^  arc  g«ierally.  taken,  at  the  four 
cjank  positions:  top  dead  center,  iji board,  near 
or  at  bottOiti '  dead  center,- and  outboani.  In 
some  engines,  it  is  possible  ,  to  take  readings  at 
bottom  dead  center.  In  others  the  connecting 
rod  may  interfere,  making  it  necess4,ry  to  take 
the  reading  as  near  as  possible  to  bottom  dead 
center  without  having  the  gage  come  in.  contact 
with  the  coifinecting  rod.  When  the  gage  is  in  its 
lowest  position,  the  dial  will  be  up^de  down, 
jnaking  it  necessary  to  use  a  mirror  !and 
flashlight  to  obtain  a  readingrNOTE:  Once  the 
indicator  has  been  placed  in  po&itjori  for  the  first 
deflection  reading,,  the  gage  should  NOtf  be. 
touched  until  all  four  r&adin^  have  been  tiken 
•andrecor^ed.  '  /"n  " 

. "  Deflecti(»i    readings   are    a£so   used'  -to 
joetejmine  correct  alignment  between  the  engine 
*and  the  generator  orl  between  the  en^ne  and  the 
cQupl^'g.    However,  .  when  determining 
-^^ilgnmenti^u  should  take  a  set  of  deflection 
readings  at  the  crank  nearest  the  generator  or 
the   coupUng.v  In   aligiur^  an   en^e  .  and 
generator,  yqu  may  need  to  install  new'ehocks 
be|men  the  generator  and  its,  base  to  bring  the  ^ 
dcfotion  -within  the  allowable  value.  You  may 
illjw^eed  to  shift  the  generator  horizontaliy  to 
'.-obtain  proper  alignment.  To'  align  an  engine  and 
a  coupling,  first,  jcorrectJy  .align  t^e  coupling 
vath  the  drive  shaft;  then,  property  ahgn  the 
engine  to  the  coupling,  rath^^-than  aUpiing  the 
coupling  to  the  engine. 

:  CAMSHAFTS  can  be  saved  v/hen  the  cams 
alOne  are  daiiniiged,  if  the  -canis  are  of  the 
indiyjduaJ-  type,  since  such  cams  may  be 
removed.and  replab^.  Figure  4-43.  illustrates  the 
method  ofs  removing  an  individuahcani  from  its 

Vhen  i  a  camshaft  is  removed  from  the 
engine,  it^t^f  be  thorougfaiy  cleaned.  You  may 
use  kerosene -or  diesel" fuel.  After  cleaaing"  the 
shaft,  dry  it  with  compiessecj^air.  After  cleaning 
-the  carn^  and  journal  sUlrfaces',  inspect  them  for 
any  signs  prscoring,  pitting, jjf'Otl^r  damage, 
\l/When.iAsertihg  o^*  removing  a  cam^aft  by 
■way  of  the  , end  of  theeamshaft  recess,,  you' 
'should  rotate"  the',  shaft  sliglitly.  Rotating  the 
camshaft  ,aliows  it  to  .enter  easily  and  reduces 


Figuni 443.-Ramoving«T  inc^kKiM cam. 


thfe .  possibility  of  damage  \  to  -the  ^camt,.iobes  ahd* 
the'bearings.  ; '  '      , ■    "  '  ... j 


FLYWHEELS 

' .  The  speed  of  rotation  of  the  crankshaft 
increases  each  time  the  shaft  receives  a*  power- 
impulse  from  one  of  the  ^istons;ihe  speed  then 
gradually  decreases  until  another  pow(«  impulse 
is^received.  If  permitted  to  continue  unchecked, 
these  fluctuations'  in  speed  (their .  number 
depending  upon  number  of  cylinders  firing  . 
on  one  crankshalt  Involution)  would  resuit.in  an 
undesirable  situation  with  respect  to  the  driven 
mechanism  as  well  as  to  the  engine;  therefore; 

^k)me  meaiis  mfebe^  provided  to  stabilize  shaft 
rotation.  Iniertne  engineSj,  this  is  accomplished 
by  instaiffiig  Sxflywhee^n  the  crankshaft;;  in 
others.jthe  lAotion  of  such  engine  parts'as'the- 
conneciijigrodjpuinal^^  andjQwer  ends  of 
connecting  rods,  ahdsu^  driven  units  as  the 
clutch  and  generator, ' serve  the  purpose.^ The 
need  .for  a  .flywheel  decreases"  as  the  number  of 
cylinders   firing  in  one  ,  revolution  of  tj^e. 
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craiiksliaft  and  the  ^lass  of  the  moving  parts 
attached  to  t;he  crankshaft  increases/ 

A  flywheel  stores  up .  energy  4urin^  th^ 
power  event  and  releases  it  during  the  remaining 
events  of  the  operating' cycle.  In  other  words, 
when  the  s^'d  of  the  shaft  tends  to  increase, 
the  flywheel  absorbs  enfergy;  when  the  speed 

'  tends  to  decrease,  the  flywheel  gives  up  energy 
to  the  sHaft  in  an  effort  to  keep  shaft  rotation 
uniform.  In  doing  this,  a  flywheel  ^1)  keeps 

*  variations  in  speed  within  desired  limits  at  all 
loBdK;  (2)  limits  the  increase  or  decrease  in  speed  • 
dusing  sudden  chaiiges  of  load;  (3)'  aids  in, 
forcing   the,  piston  Ihrou^i  *the  compression 

^  eVent  when  an  engine  is  running  at  low  or  idling 
spe^d;  and  (4)4)rovides  leveragii  or  mechanical 
^advantage  for  a  starting  motof. 

i         Wy wheels  are  generalJy  jnade  of  cast  iron,' 
'  '  cast   siteel  br^  rojkd  steel.  Strength  of  tlie 
material^  from  which  the  flywheel Os. made  is  of 
prime  importagte  because  of  t^je  stresses  created 
,  ^in  the  metal  evOie  flywlieei  when  the  engine  is 
operating  at  maxijnurri  designed' speedf  .      '  , 

In  some  engines,  a  flywheel  is  the  p^oiiht  of, 
attachi^ient  for  such  items  as  a  starting  ring  gear, 
turning  ring  gear,  or  an  overspeed  safety 
mechanism.  'Die  rim  of  a  flywheel  may  be 
marked  in' degresJj^.  With  a  stationary  pointer 
attached  to  the  engine,  the  degree  markings  can 
be  used  to  deteranine  the  position  of  the 
crankshaft  when  the  engine  is  being  timed. 


"  JACKING  GEARS 

,^  "Diesel  main  drive  installations  are  equipped 
with  a-  means  of  jackang,  or  turning  over, 
engine  or  reduction  getirs.  A  great  maj^ity  of 
jiiesel   engines    are    jacjced    over  by  hand.' 
"  particyiarly  the  smuJkr.  high-speed  engines  that 

.   driye  generators. 

For  instance,  the  reversible  er>gine  Hig.  4-44V 
is  provided  with  a  turning  gear  at  the-!  forward 
end  of  the  engitie.  iTie  fuming  gear,  manually 
operated  by  meafts  of  a  removable  handcrank, 
can   be  Aisfed   to  jack   tlie   engine  in  either 

,  direction.  (WhVn  it, is  necessary  to  rotate  the 
crankshaft  only  a  few  degrees,  the  operator 
should  use  a  bar  inserted  in  one  'oi  the  holes 
'.  provided  in  the  rim  of  the  flywheel.) 


Figure  4-44.  -Crankjhaft  lumins  gea/awambly 


Tlie  tuniing  gear-of  the  engfne  is  engaged  by 
means  of  a  three-jaw  coupling  which  slides 
axislly  along  the  turning  gear  (fig.  4-45)!  Tlie 
'coupling  is  iield  in  either  the  disengaged  or  the  ^ 
engaged  position  by  a  small  spring-lock  pin  in  * 
the  '  turning  gear  ^ft.  Yon"  may  Repress  the 
spring-lock  pin  wifii  a  screwdriver  or  small  rod. 
Tq  put  the  jaw  coupling  in  place  on  the  tuniin'g 
.  gear  shaft,  you  mu§t  remove  the  welded  stee^ 
c^p  on  the  end  of  the  shaft.  (The  entire  gear^  ' 
traih  of  the  turning  gear  'is  enclosed  in  a  welded 
steel  housing,  doweled  and  bolted  to  the  engine 
base  ^d  cylinder  block. -Th?  welded  steel -cap  is 
in  turn  bolted  to  the  housing,  directly  over  "the 
turning  gear  shaft.)  .j^:  . 

■ »'' 

When  the  handcrank  is  in  position,  it  engages 
a  tapered  shank  on  the  worm  gear  shaft,  sliown 
in  figure  4-46.  (Note:  Be  sure  tp  disengage  the. 
turning  gear  and  reiriove  the  handcrank  >hefore 
attempting  to  start  the  engine.).  The' ^tee'l  worm* 
.gear  eiigages  a  bronze  wonn  wheel,  which  js  in 
turn  keyed  to  the  pinion  sHaff.  The  pinion  gear, 
also  keyed  to  the  pinion  shaft,  engages  the  large 
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^  However,  some  engines,  such  'as  the 
Fairbanks-Morse,  oppbsed-pi^jton  engine,  are 
equipped  with  a  mechanical  barring  (jacking) 
device,  as  shown  in  figure  4-47.  The, mechanical 
barring  device  4^  located  on  tiie  crankshaft 
flexible  coupling,  operating  through  a  helical 
worm  gear.  The  tiriving  worm  genr  (E)  is 
mouijted  on  a  swing  bracket  (P)  which  holds  the 
worms  out  of  mesh,  except  during  operation.  As 

additional  safety  feature,  the  swing  bracket  is 
held  in  the  oi^t-of-mesh  position  by  a  locking 
bolt^(K);  Tlie  interlock  c^ble  roller  (GI)  is 
mounted  on  the  bracket  shaft  (A2)  and  hcHlds 
the  int^jrlock  stop  plunger  (J)  up  sbr  that  the 
interlock  cam  (H)  and  the  control  shaft  (C)  can 
be  moved  by  the  starting  lever. 


Figurt  4>45.-tnitiiiing  the  jaw  couf^ing  on  the  tuming 

gaar. 


Steel  turning  tjear  which  floats  on  the  tuming 
geafsh^ft.         .  . 

»         '/  / 

Tlie  pinion  shaft  rotates  on  ball  bearii\gs,'^ 
supported  by  the  tuming  gear  housing  and'  by 
the  cover,  plate  which  is  bcilted  to  the  housing. 
The^  tuming -^gear  shaft,  bolted  to  the  end  of  the 
engine  crankshaft,  carries  hbth  the  tuming  gear 
and  tlie  three-jaw  coupling.  Tlie  tuming  gear  is 
located  axially  on  the  turning  gear  shaft  by 
means  of  a  bronze  retainer,  bolted  to  the  hub 
fag ^  of  the  gear,  and  rides  in. a  groove  on  the 
Shaft. 

When  the  •coupling  moves  axially  along  the 
shaft,  driving  power Js  obtained  through  a  key 
which  is  hefd  in  the  key  way  of  the  shaft  by  two 
screws.  (The  coupling  has  a  k^way  ,  which 
permit^s  it  to  slide  along  the  shaft.) 

Lubricating  ail  is  supplied  to  the  bearings  on. 
the  floating  gear  through  holes  dril^d  in  the 
crankshaft  and  the  tuming  gear  shaft.  A  pipe 
plug  with  a  1'74-inch  hole  is  threaded  into  the 
end  of  the  crankshaft  to  festrict  the  flow^ofdil. 
The  forward  ^all  bearing  of  the  pinion  shaft  and 
the  two  bail  bearings  on  the  worm  gear  shaft  are 
lubricated  with  grease,  supplied  through  grease 
fittings. 


|l»m»QH  SHAFT 


Figure  4-46 .-Section^  viaw  of  crankthaft  tuming  gear. 
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Figure  4-47.-  Barring  device  and  tntsrlock 
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CYti^DEK  LiNER 

CONNf  CTINO  MOD  tUU^iNC 

W£»  P[NCH  tOLT 
CONNECTING  HOD 

HANDLE  -  DEAD  >  STUD 


SOCKET 
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100  rT-ttS  TOIIQU^ 
AT  U  H^M  WITH 
100  FSI  Atfl  f  HESSUftE 
MUST  HOT  iE  OPEHATID  AT, 
CJIEATEll  THAN  12S  PS| 


Figure  448. —Air  (motor)  wren<:h  and  iocket  for  barring  the  engine. 
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To  operate  the  barrirtg  d\;vice  (fig.  4-47), 
remove  Ihtii  locT:ing  bolt  (K)  and  lower  the  swing 
bracket  by  turning  the  bracket  shaft  (A2)  until 
the  driving  worm  is  meshed  with  the  coupling 
driving  half  (D).  SUde  the  socket  (N)  over  the 
end  of  the  worm  shaft  (Q)  and  rotate  the  engine 
by  turning  the  socket  with  the  ratchet  wrench 
(M). 

The  barring  device  can  also  be  operated  by , 
an  air  (motor)  wrench,  shown  in  figure  4-48, 
using  the  ^ket  and  the  socket  driver  to  turn 
the  wonn  stiaft  of  the  device.  When  ari^rhose  is 
attached  to  the  hose  connectioh  and  the  line 
handjs,  is  turned,  air  is  admitted  to  the  rotary 
valve  and  cylinders,  revolving  the  crankshaft 
through  the  connecting  rods.  Tile  crank  pinion 
meshes  with  the  spindle. 


They  air  (motor)  wrench  illustrated  in  figure 
4-48  is  the  reversible,  reciprocating  type.  A 
rotary-type  air  wrench  also  is  used  on  some 
diesel  engines.  •  ^  ' 

Whenever  the  driving  worm  (E/is  meslied 
with  the  coupling  drivings  half  (D),  re^ase  the 
stop  plunger  (J)  to  provide  a  stop  for  the 
interlock  cam  (H)  and  control  shaft  (C)  so  ^at 
the  worm  gear  (E)  cannot  be  damaged  by  an 
attempted  engine  start.  Tlie  interlock  cam  (H) 
also  actuates  the  pneumatic  brake  on  the 
propellex  ^ shaft,  when  the  engine  is  to  b^ 
reversed.  The  interlock  plunger  (H2)  trips  the 
limit  switclK  (HI )  to  iivt^rrupt  the '  electrical 
circuit  to  Cie  solenoid  coU  at  the  propeller 
brake.  ' 
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ENGINE  OPERATING  MEGHANISAAS 


To  this  «{^oint,  wc  haw  cgnsidered  i^y  the 
main  engine  parts,  both  stationary  and  moving. 
At  various  points  in  the  preceding  chapters,  we 
have  made  reference  to  the  operation  of  Home  of 
the  engine  parts.  However,  we  have  sakl  very 
Httle  about  the  source  of  power  which^causes 
these  parts  to  operate. 

Frequently,  the  source  of  power  that 
•operates  one  engine  part  is  also  the  source  of 
power  for  x>ther  parts  ;^nd  acxessories  of  the 
enginc>^  For  example,  the  source  of  power  that 
operates  engine  valves  may  also  be  the  source  of 
power  that  operates  such  items,  as  the  governor; 
fuel  lubricatiftg,  and  water  pumps;  and 
dvcrspeed  trips.  '  Since  mechanisms  which 
'  transmit  f)ower  to  operate  specific  parts  and 
accessories  may  be  related  to  more  than  one 
engine  system,  we  shall  discuss  these  operating 
mechanisms  before  getting  iiUo  the  engine 
systems. 

TYPES  OF  OPERATING  MECHANISMS 

The  .  parts  which  make  up  the  operating 
mechanisms  of  an  engine  may  be  di^ded  into 
two  groups:*'  those  which  form  the  DRIVE 
MECHANISMS  and  those  which  form  the 
ACTUATINC;  MECHANISMS.  The  source  of 
{xnver  for  the  oper^ating  mechanisms  of  an 
internal-combustion  engine  is  the  crankshaft. 
As  used  in  this  chasten  '*drive  mec^ianism'' 

'  identifies  the  group  pf  parts  which  takes  power 
from  the  crankshaft  and  transmits  that  power  to 
various  engine  components  and  accessories.  In 
engines,  the  drive,  mechanism  does  not  change 
the  type  of  motion,  but  it  may  change  the 
direction  of  motion.  For  example,  Jh'e  impellers 

.    of  a  blower  are  driven  or  operated  by  a  rotary 


motion  fron^  the  crankshaft  transmitted  to  the 
impellers  by  the  drjve  mechanism,  an 
arrangement  of  gears  and  shafts.  While  the  type 
of  motion  (rotary)  remains  the  same,  the 
}  direction  of  motion  of  one  imRcUer  is  opposite 
thaKof  the  other  impeller  as  a  result  of  the  gear 
arfaiigement  within  the  drive  mechanism. 

A  drive  mechanism  may  be  gear,  chain,  or 
belt  type.  The  gear  type  is  the  most  common. > 
Some  engines  use  cham  assemblies  or  a 
combination  of  gears  and  chains  as  the  driving 
mechanism.  Belts  arc  not  comfnon  on  marihe 
engines  but  are  used  as  drive  mechanisms  on 
small  engines,         .  ^  ^ 

Some  engines  have  a  ^single-drive  mechanism 
which  transmits  power  t6  operate  engine  parts 
and  accessories.  In  some  engines,  there  may  be 
two  or  mgre  separate  mechanisms.^  When 
separate  assemblies  are  used,  the  one  which  * 
transmits  power  to  operate  the  accessorfcs  is 
/  ,  e^riled  the  ACCESSORY  DRIVE.  Some  engines 
liave  iiiore  than  one  accessory  drive.  A  separate 
drive  mechanism  which  is  used  to'  transmit 
power  to  operate  engine  valves  is  generally  called 
the  CAMSHAFT  DRIVE  or  TIMING 
.  MECIiANISM.  *  . 

The  camshaft  drive,  as  the  name  implies, ' 
transmits  power  to  the  ^camshaft  of  the  engine. 
Tlie  shaft,  in  tum^  transmits-the  power  through 
a  combination  of  parts  wl^ich  causes  the  eftgine 
valves  to  operate.  Since  the  valves  of  an  engine 
must  open  and  close  at  the  proper  moment 
(with  respect  to  the  position  of  the  piston)  and 
remain  in  the  open  and  iclosed  positions  for 
definite  periods  of  time,  a  fbced  relationship 
must  be  maintained  between  the  rotational 
speeds  of  the  cranksliaft  and  the  camshaft. 
Camshaft  drives  are  designed  to  maintain  the 
'   proper ,  relationship  between  the  speeds  of  the 
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two  shafts:  In  maintaining  this  relationship,  the 
drive  causes  the  camshaft  to  rotatq(|t  Crankshaft 
s|H^ed  in  a  2-stroke  cycle  engine  and  at  one-halt' 
crankshaft  speed  iii  a  4-stroke  cycle  ongine. 

V^ctuating   nieclianism/'  as  used  in  this 
chapter,   is  that  combination  of  parts  which^ 

.  receives  power  t'roni  the  drive  mechanism  and 
transmits  the  power  to  the  engine  valves.  In 
order  'for  tlie  valves  (intake,  exhaust,  fuel 
injection,  ait  stiiirt)  to  operate,  there  must  be  a 

1^  change  in  the  type  of  motion.  In  wther  words, 
the  >otary  motion  of  the  crankshaft  and  drive 
mechanism  nutst  be  changed  to  a  reciprocating 
motion.  The  group  of  parts  which,  by  changing 
the  type  of  motion,  caus\*s  the  valves  of  an 
engine  to  operate  is  generally  referred  to  a"s  the 

•  VALVii  ACTUATING  Gh\AR  or  MliCHANISM. 
A  valve  actuating -mechanism  may  include  the 
cams,  cam  followers,  push  rods.  rociCerarms,  and. 
v:llve  springs.  In  some  engines,  thepimshaft  is  so 
located  that  the  push  rods  are  not  needed.  In  ' 
such  engines,  the^cam  follower  is  a  part  of  the 
rocker  arm,  (Some  actuating  mechanisms  are 
designed  tc\  transform  reciprocating  motion  into 
rotary    motion,    but    in  internal-combu^stion^ 
engines    most    actuating    mechanisms  change 
rotary  motion  into  reciprocating  nurtJon.) 


Fherj^  is  considera|^!e  variation  iTT  tiie  design 
and  arrangement  of  the  i)arts  of  operating 
mechanisms  \oum\  in  different  engines.  T'hc  size 
of  an  engine,  the  cycie  of  operation,  the  cylinder 
arratigement,  and  other  factors  govern  the  design 
and  arrangement  of  the  components  as;. well  as 
the  design  and  arrangement  of  t\w  mi.x'hanisms. 
Some  of  the  variations  in  operating  mechanisms 
arc  'considered  in  tlie  descrrptions  and 
iHustrations  w|;ich . fpllow?  fhe  \iri'angements  of 
operatmg  mechanisms  described  in  this  chapter 
are  rcpresentalivt^of  tfioscY'ommonly  fotrnd  in 
fnarifie  engines  tiscil  by  tlie  Navy. 


^   OPl  RATINCiMW  NANISMS  FOR  A 
.  2-STROKf:t:YC  LF;  IN  UNt; 
DHiSIXFNGINr  ^ 

'  \ 

riu-  operating  nu'clianisiiis  at'  some  engines 
consist  of  a  sinplf-drivr  ni^cchaiiisni  and  the  valve 
aefuating  meelianisrn.   The  d-eylinder.  (iM  71. 


engine  is  an  example  of  such  an  engine.  A 
eompiete  assembly  whieh  transmits  power  jroin 
the  driving  part  to  the  driven  part,  the  operating 
ineehanism  of  the  GM  7.i*  consists  'of  geare, 
shafts,  L-oup|ings,  and  the  parfe  of  the 
valve-acliuijing  mechanism. 


GEARS 


When  the  driving  mechanism  of  an  engine 
consists  only  of  gears,  the ,  mechanism  is 
connnonly  called  a  gear  train.  The  gear  train  or 
drive  for  a  GM  6-71  engine  is  shown  in  figure 
5-1.  (The  arrangement  "shown  is  designed  for 
right-hand  rotation.) 

*'  The  gear  train  of  a  GM  71  functions  as  both 
the  camshaftNi  rive  and-  the  accessory  drive.  The 
train  consists  of  five  hehcal  gears  completely 
enclosed  at  the  rear  end  of  the  engine.  Note  that 
all  gears  are  driven  by  the  crankshaft,  gear 
through  an  idler  gear.  The  idle?  gear  may  be 
located  on  either  t he _  right  or  left  side  of  the 
engine  (see  "dunm>y  ' Iwb,"  sometimes  called 
"spacer,"  fig.  5-1),  depending  upon  the  dirtxtion 
of  crankshaft  rotation.  * 

Since  the  engin^'  "opdrates  on  a  ♦  2-stroke 
cycle,  Jhe  camshaft  and  balancer  gears  are  driven 
_   at  the  same  speed  as  the  crankshaft  gear.  Either 
the  canishaft  gear  or  the  balancer  gear  may  be 
driven  by  the  crankshaft  gear  tjirougli  the  idler 
gear;  the  drive,  arrangement  depends  on  'the 
nioijel    (right-    or    left-hand    rotation).  The* 
'cajns  ha  ft    and    balance,   shaft    gears  ^are 
'coi^nterweighted  for  balance  purpo&es.'' 

The  accessories  of  the  GM  71  receive  po\^ 
from  thesvjilowcr  drive  gear  which  is  driven  by 
jlie  camshaft  •gear  (figr-  5-1).  Located  on  the 
blower  side  of  the  engine  and  supported  by  the 
rear  end  plate,  the  blower  drive  gear  transmits 
power  to  the  blower,  governor, 'water  pump,  apd 
.  fuel  pump.  (See  fig.  5-2.) 

1-igure  .5-2  shows  the  location  of  the  varitiis 
engine  acces.sorics  and  the  shafts,  gears,  ancT^' 
-couplings  which  transmit  the  power  from  the 
blower  drive  gear  to  each  of  the  aceessories.' 
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Figure  5-1.-Camihaft  aird  accessory  drive  (GM  6-71) 
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SHAFTS  AND  COUPLINGS 


The  shafts  driven  by  the  camshaft  and 
balance  shaft  gears  are  shown  in  figure  5-3. 
While  the  shaft  gears  are  not  interchanged  for  a 
change  in  direction  of  engine  crankshaft 
rotation,  the  shafts  may  be  used  on  either  side 
of  the  ""cyljfnder  block,  depending  on  -  the 
direction  of  crankshaft  rotation, 


The  camshaft  operates  the  mechanism  which 
actuates  the  exhaust  valves  and  -  the  fuel 
,  injl'ctors.'The  shaft  is  a  one-pj^ce  drop-forgiiig, 
case-hardened  at  the  cams  and  journals.  The  cam 
lobes  are  heat-treated  to  '  provide  a  hard, 
wear-resistant  surface.  Each  cylinder  has  a  set  of 
three  cams.  End  and 'intennediate  parings  are 
coppei^lead,  steel-backed  bushings. 

The  balapce  shafj,  which  runs  parallel  to  the 
camshaft  on  the  opposite  side  of  the  block. 
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Fifluri  5"2.--aow«r  MMirOily  with  accessori^  mach^i  |GM  6-71 K 
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Ftgur*  5-3. and  ba]«nc«r  ih«ft  ammbiiM^;GM  6-71 ). 
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iNJECTCMI  ROCKER  ARM 
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Fijiurt  M.-Viiyc  actustina  m«chini«ni  (GM  6-71). 
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counterbalances  the  rotation*  of  the  weig^ited 
camshaft  and  causes  a  stabilizing  action  upon 
oscillatory  imfxilses  developed  within  the 
engine.  (See  fig.  5-3  for  location  of  balance 
Weights.) 

The  blower  end  of  the  governor  drive  shaft  is 
serrated    or    splirted    and    engages  with 
corresponding  serrations  or  splines  inside  the 
upper  blower  shaft.  The  fuel  oiFpump  is  bolted 
to  the  rear  cover  of  the  blower  and  is  driven 
'  from  the  lower  blower  rotor  ^haft,  through  a 
device  which  acts  as  a  universal  joint.  The  water 
pump  is  mounted  on  the  front  end  of  the  blower ' 
•  and  is  driven  by  the  rotor  shaft,  through  a 
'  coupling.  {See  fig.  5-2.)  . 


VALVE  ACryATING  GEAR  . 

The  exhaust  valves  'and  the  fuel  injectors  arc 
actuated  a  mechanism  which  is  located  in  and 
attached  to  the  cylinder  head.  A  detailed  view  of 
the  valve  actuating  mechanism  is  shown  in  figure 
5-4.  The  insert  shows  the  parts  of  the  actuating 
mechanism  ^or  ope  cylinder.  The  mechanism 
includes  three  drop-forged  rocker  arms.  The 
outer  arms  operate  the  exhaust  valves  and  the 
inner  arm  operates  the  fuel  injector.  The  rocker 
arms  are  actuated  by  the  lobes  of  the  camshaft, 
through  push  rojC  These  parts,  along  with  other 
parts  essential  toiRe  assembly  (fig.  5-1),  change 
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the  rotary  motion,  of  the  camshaft  into  the 
reciprocating  motion  of  the  valves. 


OPERATING  MECHANISM  OF  A 
2  STROKE  CYCLE,  V-TYPE  ^ 
DIESEL  ENGINE 


*  The  in-line  engine  discussed  in  the  preceding- 
section  is  relatively  small  when  compared  to  the 
GM  16-27 8 A  discussed  in  this  section.  Whereas  ^ 
the  GM-7I  requires  only  one  drive  mechanism  to 
transmit  power  to  the  valve  actuating  gear  and 
the  engine  accessories,  the  GM  16-278A  uses* 
two  separate  gear  drives,  one  at  each  end  of  the 
engihe.  X^^^  ^8-  5-5.)  The  strive  l«?fitecl  at  the 
coupling  or  power  take-off  end  of  the  crankshaft 
is  called  the  CAMSHAFT  DRIVE.  It  transmits 
power  to  the  valve  operating  mechanisms,  the 
f'uel  injector  operating  mechanisms,  and  the 
starting-air  timing  valve;  it  drives  the  fuel  pump, 
the  lubricating  oil  pump,  and  the  governor.  The 


ACCESSORY  DRIVE,  located  at  the  opposite 
end  of  the  engine,  drives  the  blowtfr  and  the 
water  pumjK.  Figure  5-5  shows  the  location  of 
these  drives  and  the  engine  parts  and  acc^sories 
to  which  they  transmit  4>ower.  ^any  of  the 
engine  parts  .that  we  hav^  already ^disqussed  arc 
also  shown. 

CAMSfi^FT  DRIVE  AND 
VALVE  ACTUATING  GEAR 


The  camshailEt  gear  train  in  the  GM  16-278A 
is  similar  to  that  of  the  GM  6-71,  except  for  two 
additional  gears.  Figure  S-6  sho^  an  end  view 
of  the  engine  along  with  tl^  camshaft  drive 
assembly.  Compare  this  assembly  with  that  of 
the  GM  4^71  in  figure  5jl. 

Gears  and  Couplings 

Two  camshaft  gears  are  driven  by  the 
crankshaft   gear  at   the   power   take-off  or 
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.  Cfoupiing  "end"  of  /  the   shaft,    througfi.  the, 
^janksha/t  .and  the  camshaft  ^  idler  gears.  Both 
camshaft  gears  mesh  with  the.  camshaft  idler 
ge*r.  The  lubricating  pil  JSj/np  geare  are  tSHv^eii' 
by  the  .c^mshaff  gtai:s.  A  camshaft  gear  Mso 
furnishes  ^wef-to  drive.,  tfii,  governor  and»the* 
tachometer,  hi  some  models,  the  governor  drive 
shaft. is  (friven^^y  t4ie  camshaft" gear,  through  a  . 
flexible  coupling.  W  other  models,  the 'shaft  is 
tlanged  and  boite^i  to  a  camshaft  '^eai;'  r 

The  irain  of  ' gears  in  the  "camshaft  drive,  is 
enclosed  in  an  oiltighit  housing.  A  spring-loaded 


safety  cover  is  fitted  td  a»|3r^ure  telief  opening 
'in  tl/e  top  of  the  housing.  (See  fig.  "5-6.) 

Camshafts  ?  * 

Each  cylinder  bank  of  the  engine  is.,  fitted 
.•  with  a  camshaft.,  TKese  shafts  rotate  a^the  same 
speed  as  the  craijkshaft.-but  in '  the  opposite 
direction,  .^ach  sjtaft  is  made  .of  two  sections 
which  arejlanged  and  , bolted  together.  The  cams  " 
are  case-hardened  and  aie'  an  integral  part  of 
each  shaft  Wtion.  A4  in  the  GM  '6-71,  each 
cylinder  has  three  cams.  Irf'the  CM  16-278A, 
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however,  push  rods  .  are  not  needed  /  for' 
trammitting  power/ 


l^ocker  Arms  and  Valv^  Brtd^ 


^  ^  Each  cylinder  heard 'of  the  GM  1 6- 278 A  is 
'  fitted  with  thrqe  rocker  arms  or  ieVers.  The-two 
outer*  arms  operate  the  exhaust  valves  and  the  * 
inner  ami  operates  the.  fuel  iiyector.  Since  there 
are  four  exhaust  valv^  per  cylinder,  each 
exhaust  rocker  arm  (sometimes  called  a  lever) 
rfiust  operate  a  pair  of  vaN^fes  through  a  valve 
brid^,  (See  Fig.  5-7  )  ^ 

Thc/.-valve  i)rijdge  in  this  engine  is  made  of 
forged  steel  andlias  a  hardened  ball  socket  into 
which  the  b^ill  end  of  the  rocker  lever  adjusting 
screw  fits.  The  valve  bridge  has  two  arms,  each 
of  whichTits  Qver  an  exhaust  valve. 

The  valve  bridge  spring  keeps  valve  bridge 
tension  "off  the  valve  fiteins  until  the  bridge  is 
actuated  by  the  rocker  ann.  When  the  yalve  end 
of  the  rocker  arm  is  forced  down .  by  the  cam 
action,  the  valve  bridge  moves  down, 
compressing  the  valve  springs  and  opening  the 
valves.  By  the  time  the  actioit^of  the  cam  lobe 
has  ceased,  the  valve  springs  wijl  have  closed  the 
valves.  The  valve  operating  mechanism  shown  in 
figure  5-7  is  representative  of  those  in  which  the 
location  of  the  camsliaft  eliminates  the  need  for 
push  rods.  Note  that  thejobes  of  the  cam  come 
in  direct  contact  with  the  rocker  arm  cam 
rollers. 


ACCESSORY  DRIVE  - 

The  gear  train  located  on  the  front  end  of 
the  efigine  (fig.  5-5)  drives  the  blower  and  the 
water  pumps.  An  end  view-  of  the  assembly  is 
showT^  in  figure  5-8.  The  train  consists  of  helickl^ 
gears  of  for^d  steel  \*hich  transmit  the  rotation 
of  the  crankshaft  to  the  blovve^  and  the  water 
pumps.  The  assembly  is  enclosed  in  ^  case  wjiich 
is  bolted  to  the^lower  hq^ising. 

The  drive  gear  is  driven  from  the  crankshaft 
through  a  splined  shaft,  one  end  of  which  fits 


i^P^j^fi^t<  €Ji£^^^il|fc 
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FigufS  &-8.-AccestorY  (kivs  nwchaniim  (QM  16-278A). 


into  a  hub  that  is  bolted  to  the  crankshaft  while 
the  other  end  fits  into  the  blower  djrjve  gear.  hub. 
The  drive  gear  operates  the  water  pump  gears 
through  idler  gears  and  m.eshes  directly  with  the 
upper  drive  gear.  The  upper  drive  gear  transmits 
power  through  a  shaft  to  the  rotor-driven  gear  of 
the  blower  gear  assembly. 


OPERATING  MECHANISMS  IN 
^  OPPOSED-PISTON 
DIESEL  ENGINE 

The  operating  mechanisms  of 
opposed-piston  engines  will  obviously  differ^  to 
a  degree,  from  fhose  of  sii^gle-actii^  engines 
because  of  en^ne  design  differences.*  Some  of 
the  differences  are  because  (1)  power  is  supplied 
by  two  cMnkshafts  in  an  opposed-piston  engine, 
instead  of  one,  and  (2)  ports  are  used  iiistead-of 
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valves  for  both  intake  ah:(i|>,^xKai>sV  in  an 
opposed- piston  engirie.       yr'       /  -  % 


Regardless  of  differeijci^i  in  i^iechahisnis,  tt^  * 
basic  types  of  drives- j^r  WdX-hain-^e  found 
in  both  sin^e-acting  aad  opposed-piston  engiiies. 
While  the  two  e^giiijjs  described  in  preceding 
sections  had -only  geitf-type  drive  in\^chatiisms, 
the  opposed'pislon  engine  used  as  an  example  in 
this  section  has  chain  assemblies  as  well  as  gear 
trains  incorporated  in  the  mechanisms  wfiich  ^ 
supply  power  to  engine  parts  and  accessories. 

Th^  Fairbanks-Morsv'  opposed-piston  engine 
used  ^s  an  example  in  this  section  has  three 
s^jparite  drive  ^niiechanisms.  The  drive  which 
ftirnishes  power  to  the  camshaft  and  fueJ 
injection  equipment  is  the  chain  type.  The 
blower  m\d  the  accessories"  are,  operated  by 
/gear-type  drives.  The  location  of  qach  drive  is 
shown  in  figure  5-9. 

CAMSHAFT  DRIVE  AND  FUEL  • 

PUMP  ACTUATING  GEAR  ^ 

The  camsliaft  drives  the  engines  we  have 
discussed  thuk  far^pply  pgwer  to  one  or  more 
accessories  as  well  as  to  the  valve  actuating  gear- 
^Fhis  is  not  true  of  the  drive  in  an  FM  38D 


op|X)sed-piston  engifii.  Since  the  FM  38D  does 
not  have  cylinder  valves  an^  since  two  other  * 
drives  are  provided  to  o|>erate  the  accessories, 
the  primary  purpose  of  the  carftshaft  driV^  is  to 
tranynit  power  for,  and  to  time  the  operation 
of,  the  fuel  injection  pumps.  ' 


Qiain  Assembly 


The  power  required  to  operate  the  ttiel 
injection  j^umps^^t  the  proper  instant  during  the 
cycle  of  operation  is  transmitted'^  through  the 
camshafts  from  tltfeurf^iinkshaft  by  a  chain' drive 
(frequently  called  the  timing  mechanism).  The 
names  and  arrangement  of  the  components  of 
the  drive  are  shown  in.  figure  5-10.  The  drive 
sprocket  is  attached  to  the  upper  crankshaft*at 
the  control  end  of  the  engine.  A  sprocket  is 
attached  to  the  end  of  each  camshaft  and  there 
are  thvcc  otheY  sprockets  for  timing  and 
adjustment  purposes. 

The  chain  conveys  the  rotation  pf  the  upper 
crankshaft  to  the  camshaft  sprockets  by  passing 
over  the  crankshaft  sprocket,  under, the  two 
timing  sprockets,  over  ttiP  two  camshaft  drive 
sprockets,  and  under  the  tighterter  sprockets. 
The    timing   sprockets   ^re   mounted  on  an 
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Figurt  5-10  -Camshift  drive  and  timing  nfiechanism  {PM  38D8  1/8). 
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a4justab!|  bracket ^or  lever.  By, moving  the  lever, 
the  timiij^  of  the  two  camshafts  can  be  adjusted. 
The  ajij^istable  tightenet  sprocket  is  used  to 
obtain  and  wfdntain  the  proper  slack  in  tjhe^ 
chain.  /         ,         ,.  • 

Act(ia;mg  Gear  .( 


ijhe  camshafts  are '  located  in  the  upper 
cranjfcshaft  .compartment^  (See  No.  1,  fig.  5-*^.) 
^  Sinc^  engines  of  the*  opposed-piston  type  use 
por^  for  both  intake  and  eJchaust,  the  camshafts 
serve  only  to  actuate  the  t^o  fuel  injection 

•  pumps  at  each  cylinder  in  Unison  and  at  the 
proper  time.  Ttie  shafts  turn  at  the  same  rate  of 
spedd  as  the  crankshaft.  ' 

The  camshafts  for  the  engine  shown  in  figure 
»5-9  iire  of  case-'hard^ned  alloy'steel  and  are  made 
in  Sections.    The   sections    are   made  with 

•  match-marked  flanges  and  are  joined  with  fitted 
bolfi^.  (In  some  opposed-piston  engines  made  by 
the  I  same  manufacturer,  the  shafts  are  the 
one-jpiece  type.)' The  cams  are  an  integral  part  of 

,  the  ^aft  and  there  is  one  cam  on  each  sKkft  for 
each 'Cylinder. 
\  • 

Tifie  cams  transform  the  rotary  piotion  of 
the  sfiaft  into  the  up-and-down  motion  of  the 
fuel  iHimp  plunger,  throu^  a -tappet  assembly 
attached  to  the  top  of  the  fuel  pump  body.  (See 
No.  2,  fig.  5-9.)  .  'V 

The  parts  of  the  tappet  assembly  are  shown 
in  figure  5-U.  The  push  rod  spring  of  the  tappet 
assembly 'holds  the  push  rod  and  the  cam*^  roller 
against  ti\^  camshaft  cam.  As  the  camshaft 
pptates.  the  cam  acts  against  tha  cam  roller  to 
force  the  push  rod  down  against  the  spring 
-rension  and  actuates  the  injection  pump  plunger. 

BEpWER  DRIVE  MECHANISM 

fhe  power  to  drive  the  blower  is  transmitted 
fromuhe  upper  crankshaft,  through  a  gear  train. 
(See  fW  5-9.)  Th6.  train  consists  of  a  drive  gear,  a 
pinion  Wan  and  the  two  timing  fimpeller)  gears 
of  the  cdower 
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.  The  drive  gear  (No,  3,  fig.  5-9)  is  the  flexible 
type.  The  principal  parts  of  the  FLEXIBLE 
DRIVE  GEAR  are:  a  spidef  drive  hub  which  is 
keyed  to  the  crankshaft,  a  gear  within  which 
spring  spacers  are  bolted,  and  springs  which 
absbrb  torsional  oscillations  transmitted  by  the 
crankshaft.  A^view  of  the  flexible  drive  gear  with 
end  plate  removed  is  sho^n  in  figure  5-1 2. 

he  flexible  drive  gear  meshes  with  the  drive 
pinion  (No.  4,  fig.  5-9).:The  pinion  is  keyed  to 
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FiflMr*  5-12.-BioMi«r  ftaxibia  drivi  gear  {FM  38D8  1/8). 
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the  lower  impeller  shaft  and  held  in  place  by  a 
locicnut.  The  lower  Impeller  driving  (timing)  gear 
(No.  5,  fig., 5-9)  meshes  with  the  upper  impeller 
driven  gear  (No,  6,  fig.  5-9).  i 

ACCESSORY  DRIVE 

« 

The  majority  of  the  accessories  for  the  FM 
38D  arc  driven  by  a.  gear  mechanism  which 
receives  power  from  the  lower  crankshaft  at  the 
control  end  of  the  engine.  (See' fig.  5-9.)  A  more 
detailed  view  of  the  accessory  drive  is  shown  in 
figure  5-J3.  Referring  to  both  these  figures  as 
you  read  the  following  description  will  help  you 
to  become  familiar  with  the  coriiponents  of  the 
drive  ajVd  with  the  way  that  power  is  transmitted 
to  the  driven  units. 

_  The  accessory  drive  transm^  power  to/fhe 
water  pumps,  the  fuel  oil  pump,  the  lubricating 


oil  pamp,  arid  the  governor.  The  drive  g^di  (No. 
8,  fig.  5-9)  of.  the  mechanism  is  bolted  to  a 
flange  on  the  crankshaft.  The  drive  gear  is  the 
flexible  type,  therefore,  engine  shocks 
transmitted  by  the  crankshaft  are  absorbed  by 
the  drive  springs  of  the  gear. 

The  water  pump  drive  gears  mesh  directly 
with  the  flexible  drive  gear.  The  fuel  pump  drive 
gear  (attached  to  the  flexible  drive  gear) 
^transmits  power  to  the  fuel  pump  driven  gear 
through  an  idler-  (Se^fc-^ar  on  mounting  plate, 
fig;  5-13.)  The  lubricating- oil  pump  drive  gear 
meshes  directly  with  the'  flexible  drive  gear. 
P6wer  is  transmitted  to  the  pump  through  a 
shaft  and  an  internal  gear  coupling— the 
lubricating  oil  pump  drive.  The  shaft  of  the 
lubricating  oU  pump  drive  also  transmits  power 
to  the  governor.  A  gear  on  the  shaft  meshes^  with 
a  mating  gear  on  the  governor  dr|^e  gear  shaft. 
This  shaft  drives  the  governor  Cfupling  shaft 
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which,  in  turn,  drives  the  governor,  through  a 
bevel  gear  drive.  (See  No.  9,  fig.  5-9.) 


OPERATING  MECHANISMS  OF 
A  4-STROKE  CYCLE 
DIESEL  ENGINE 

■Tha^perating  niechanisms  we  haVe  discussed 
soJg|i*have  applied  to  2-stroke  cycle  diesel 
cngincss.  Now  we  will  take  %  look  at  the 
operating  mechanisms  of  a  4-stroke  cycle  diesel 
engine^;  They  are  similar  except  for  some  minor 
differcnct^  in  design  and  arrangement,  and  tl^e 
reduced  operating  speed  of  the  camshaft,  '^e 
drive  has  no  provision  for  driving  a  blower,  since 
4-strokc  cycle  dieseJ  engines  ^re  either  naturally 
aspirated  or  are  turbocRarged  Turbocharging 
units    are    exhaust-driven    and    require  no 


mechanical,  drive.  The  valve  actuating  gear 
operates  valves  for  both  intake  and  exhaust  The 
arrangement  ^  the  operating  mechanism  is 
shown  in  figure  ^14, 


DRIVE  MECHANISMS 


The  2-strokc  cycle  engine  drive  mechanisms 
considered  were  either  the  gear  type,  chain  type, 
or  a  combination  of  both.  Very  few  chain  type 
drives  are  used  on  4-stroke  cycle  engines  by  the 
Navy;  therefore,  we  will  discuss  only  the  gear 
type  drives.  The  primary  drive  which  takes 
power  frojp:!  the  crankshaft  is  a  gear  assembly  or 
gear  train.  The  arrangement  of  the  gear  '  train 
which  forms  the  drive  will  vary  according  to  the 
engine,  ,    '  ^ 
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In  addition  fo  furnishing  power  for  the 
various  engine  accessories,  the  driv6>  mechanism 
provides  the  power  that  operates  the  engine 
valves.  The  basic  job  of  the  valve  actuating  gear » 
is  both  to  cause  and  to  control  the  opening  and 
closing  of  the  inlet  and  exhaust  valves. 

In  most  engines;  this  gear  consists  of  ( I ) 
rocker  arms  that  actuate  the  valves,  (2)  push 


Fiflur*  5-14.-Afrangim«frt  of  4-cycIi  d»«i«l  tnginei. 


rods  that  connect  the  rocker  arms  and  the  cams 
on  the  camshaft,  and  (3)  a  drive  that  connects 
the  camshaft  to  the  crankshaft.  %. 

CAMSHAFV^^^^^^"^"  4-stroke  cycle' 
diesel  engines  the  camshaft  speed  must  be 
exactly  one-half  the  crankshaft  speed,  so  the 
camshaft  makes  onelpomplete  revolution  while 
the  crankshaft  makes  two.  Because  these  speed 
relations  must  be  exact,  the  ccmnecting  drive 
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f  iqun  S-15.— Cim  location  4-ttr(kt  cycIt  din^  angirM. 


must  be  positive.  The  drive  amngement  used  for 
any  particular  engine  depends  to  a  large  extent 
oji  where  the  camshaft  is  located. 

The  camshaft  may  be  located  low,  Hjear  the 
crankshaft,  using  long  push  rods,  or  on  the 
cylinder  block  using  short  push  rods,  or  at  the 
cylinder  head  level  without  push  rods.  (See  fig 
5-15.) 

The  gears  of  the  drive  must  be  accurately  cut 
and  heat  treated  to  resist  wear.  Helical  teeth 
(teeth  plated  at  an  a^igle)  are  frequently  used  in 
place  of  spur  teeth  (teeth  pfaced  straight)  for 
greater  quietness  and  more  transmission  of 
power.  Gears  and  shafts^are  used  in  various 
anangements  to  drive  the  vital  components  and 
accessories'of  the  engine. 

Camshafts. -The  camshafts  in  4-stroke  cycle 
diesel  Engines  carry  the  cams  for  actuating  the 
inlet   and  exhaust   va^^^.   In  addition,  the 


camshaft  may  carry  cams  for  fuel* iryection 
pumps,  fuel-spray  valves,  05^1>^rting  valves. 
Some  engines  have  two  camshafts,  some  have 
one,  depending,  on  engine  d^ign. 

The  camshaft  may  be  constmcted  in  several 
ways.  It  can  be  forged  in  one  piece,  including 
the  cams  themselves,  as  integral  cams.  It  may 
consist  of  a  steel  shaft  with  separate  forged-steel 
or  cast-iron  canis' keyed  on  to  the  shaft.  Very 
few^f  the  latter  are  still  in  service.  Another 
construction,  used  on  Urge  en^nes,  is  to  make 
up  the  camshaft  in  sections.  Each  section 
handles  one  cylinder,  and  enough  sections  are 
bcAted  together  to  handle  the  whole  engine. 

Valve  Gear  in  Cylinder  Head.-The 
remaining  parts-  of  the  valve  actuating  gear  and 
the  valves  are  mounted  in  the  cylinder  head.  The 
vario^us  p^rts  which  are  mounted  in  the  head 
were^vered  in  chapter  4  of  this  manual.  - 
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CHAPTER  6 


DIESEL  ENGINE  AIR  SYSTEMS. 


Combustion  requires  air,  fuel,  and  heat;  ; 
certain  amounts  of  ali  three  are  tiec^sary  if  an 
engine  is  to  operate'  This  chapter  deals  only 
with  AIR  as  required  to  support  combustion  in 
the  cylinder  of  an  engine.  The  processes  of 
scavenging  and  supercharging  are  considered  as 
well  as  the, group  of  parts  involved  in  supplying 
the  cylinders  of  an  engine  with  air  and  in 
removing  the  waste  ,^ises  after  combustion  and 
the  power  cv^nt  are  pnished.  The  engine  parts 
which  accompmh  these  functions  are  commonly 
referred  tb  as  the  INTAKE  EXHAUST  systems: 


INTAKE  SYSrrEMS 


This  section  deals  with  intake  systems  of 
diesel  engines  only;  nevertheless,^  much  of  the 
mformation  dealing  with  the  ila^ts  Of  diesel 
engine  air  systems  is«lso  applicable  to  most  of 
th^  parts  in  similar ^s^ems  of  psoUne  engines. 

Although  the  primary  function  of  a  diesel 
engine  intake  system  is  tpf  supply  the  air 
required  for  comoustion,  thd  system  also  cleans 
the  air  and  reduces  the  noise  created  by  the  air 
ds  it  enters  the  engine.  An  intake  system  may 
include  an  air  silencer,  an  ^  cleaner  and  screen, 
an  air  box  or  header,  intake  valves  or  ports,  a 
blower,  an  air  heater,  and  an  air  cooler  Not  all 
of  these  parts  are  common  to  every  intak^ 
system.  An  intake  system  for .  one  type  of 
Wgh-speed -diesel  engine,  which  provide  a  clean 
supply  of  air  with  minimum  noise  to  the 
combustion  spaces,  is  shown  in  cjpss  section^  in 
figure  6-1.  ^ 

SCAVENGING  AND  SUPERCHARGING 

In  the  intake  systems  of  all  2-stroke  cycle 
diesel  engines  and  some  4-stroke  cycle  diesel 


engines,  a  device,  Visually  ^  blower,  is  installed  to 
increase  the  flow  of  airlntd  the  cylinders.  The 
blower  compresses  the  air  and  forces  it  into  an 
air  box  or  manifold  which  surrounds  5r  is 
attached  to  the  cylinders  of  an  engine.  Thus,  kn 
increased  amount  of  air  under  constant  pressure 
is  available  as  required  during  the  cycle  of 
operation, 

Tlie  increased  amount  of  air/ a  result  of 
blower  action,  is  used  to  fill  the  cylinder  with  a 
fresh  charge  of  air.  During  the  process,  the 
increased  amount  of  air  helps  to  clear  the 
cylinder  of  the  gases  of  combustion.  The  proc^ 
is  called  scavenging.  Thej;6fore,  the  intake 
system  of  some  engines,  especially  those 
operating  on  the  2'^troke  cycle,  is  sometimes 
called  the  scaven^ng  system.  The  air  forced  into 
the  cylinder  is  called  scavenge  air,  and  the  pprts 
through  which  it  enters  are  called  scavenfee 
ports. 

Scavenging  must  take  place  in  a  relatively 
short  .  portion  of  the  operating  cycle;  the 
duration  of  the  process  differs  in  2-  and  4-stroke 
cycle .  engines.  In  a  2-stroke  cycle  engine,  the 
process  takes  plare  during  the  latter  part  of  the 
downstroke  (expansion)  and  the  early  part  of 
the  upstroke  (compression).  In  a  4-stroke  cycle 
engine,  scavenging  takes  place  when  the  piston  is 
Hearing  and  pacing  TDC  during  the  latter  part 
of  an  upstroke  (exhaust)  and  the  early  part  of  a 
dqwnstroke  (intake).  The  intake  and  exhaust 
openings  are  both  open  during  this  interval  of 
ti^e.  The  overlap  of  intake  and  exhaust  permits 
the  air  from  the  blower  to  pass  through  the 
cylinder  into  the  exhaust  manifold,  cleaning  out 
the  exhaust  gases  from  the  cylinder  and,  at  the> 
same  time,  cooling  the  hot  engine  parts. 

When  scavenging  air  enters  the  cylinder  of  an 
engine,  it  must  be  so  directed  that  the  waste 
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Fijur*  6-1. -Air  fv««rm  of  »  2-$trok«  cyde  engine  (GM  71). 


gases  are  removed  from  the  remote  parts  of  the 
cylinder.  The  two  principal  methods  by  which 
this  is  accomplished  are  sometimes  referred  to  as 
PORT  scavawgirig  and  VALVE  scavenging.  Port 
scavenging  may  be  direct  (cross  flow),  loop 
(return),  or  uniflow  type.  (See  fig.  6-2.) 

Scavenging  and  superchar^ng  are  not 
•  common  to  all  diesel  engines.  For  instance,  in 
some  4-str0ke  cycle  engines,  the  air  enters  the 
cylinder  as  a  resujt  of  a  pressure  difference 
created  by  the  piston  as  it  moves  away  from  the  4 
combustion  space,  during  the  intake  event.  This 
type  of  intake  is  sometimes  referred  to  as  the 
•^suction"  type,  or  naturally  aspirate'd  intake; 


however,  the  >  air  is  actually  forced  into  the 
cylinder  because  of  the  greater  pressure  outside 
the  cylinder. 

.  An  increase  in  air.  flow  into  cylinders  of  an 
en^ne  can  be  used  to  increase  power  output,  in 
addition  to  being  used  fi^  scavenging.  Since  the 
power  of  an  engine  comes  from  the  iHiming  of 
fuel,  an  increase  in  powef  requires  more  fuel;  the 
increased  fuel,  in  turn,  requires  more  air,  since 
each  pound  of  fuel  requires  a  certain  amount  of 
air  for  combustion.  The  supplying  of  more  air- to 
the  combustion  spaces  than  can  be  supplied 
through  the  action  of  atmospheric  pressure  and 
piston  action  (in  4-stroke  cycle  engines^  or 
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Figure  6-2.-Mithods  of  scavanging  in  dies4il  arH^v^* 
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scavenging  air  (in  2-strt)ke  cycle  engines)  is 
called  supercharging. 

In  some  2-stroice  cycle  diesel  engines,  the 
cylinders  are  supercharged  during  th«  air  intake 
simply  by  increasing  the  amount  and  pr^sure  pf 
scavenge  air.  The  same  blower  is  used  'for 
supercharging  and  scavenging.   Scavenging  is, 
done  when  air  is  admitted  under  low  pressure 
into*  the.  cylinder  while  the  exhaust  valves  or 
ports' are  open.  Superchargmg  is  done  with  the 
exhaust  potts  or  valves  closed,  which  enables  the 
blower  to  forte  air  under  pressure  into  the 
cylinder  and  thereby  increase  the  amount  of  air 
available  ^  for   combustion.    Tlie  increase  in 
pressure,  resulting  from  the  compressing  action 
Q^t^-the  blower,  will  depend  on  the  type  of 
installation,  but  it  is  usually  low,  ranging  from  I 
to  5  psi.  With  tlie  increase  in  pressure  and 
amount  of  air  available  for  combustion,  there  is 
a    corresponding    increase    in  com''bustion 
efficiency  within  the  cylinder.  In  other  words,  a 
given  size  engine  which  is  supercharged  can 
develop  more  power  than  the  same  size. engine 
which  is  not  supercharged. 

To  supercharge  a  4-stroke  diesel  engine,  a 
blower  must  he  added  to  the  intake  system  since 
exhaust  and  intake  in  an  unsupercharged  engine 
are^ performed-  by  the  action  of  the  piston.  The 
timing  of  the  valves  in  a  supercharged  4-stroke 
cycle  engine  is  also  different  from  that  in  a 
similar  engine  which  is  not  supercharged.  In  the 
supercharged  engine  the  closing  of  the  intake 
valve    is    slowed    down   so    that    there  is 
considerable  overlap  of  the  intake  and  exhaust 
events.  The  overlap  increases  power;  the  amount 
of  the  increase  depends  on  the  supercharging 
pressure.  The  increased  overlap  of  the  valve 
openings  also  permits  the  air  pressure  created  by  • 
the  blower  to  remove  gases  from  the  cylinder 
during  the  exhaust  event.  Study  figure  6-3 
(foldout   at   end   of  chapter)  so  that  you 
understand  how  "the  opening  and  closiTTg-Q.f  the 
intake  ^and  exhaust  valves,  or  ports,  affect  both 
scavenging  and  supercharging.  Also,  note  the  ^" 
differences  in  these  processes  as  they  occur  in 
'supercharged  2-  and  4-stroke  cycle  engines. 

In  figure  6-3,  the  circular  pattern  represents 
crankshaft    rotation.    Some    of   the  events 


occurring  in  the  cycles  are  shown  in  degrees  of 
shaft  rotation  for  purposes  of  illustration/.and 
♦  easier  comparison  o;iIy.  (When  dealing  with  the 
timing    of    a    specific  •  eji^ne,    chQ(^  the 
•appropriate  instructions.)       '      J     "  /'^ 

In  studying  figure  6-3,  keep  in  mind  that  the 
crankshaft  of  a  4-stroke  x-ycle  engine  makes  two 
complete  revolutions  in  one  cycle  of  o^ration 
while  the  shaft  in  a  2-stroke  cycle  engine  makes 
only  one  revolution  per  cycle.  Also,  keep  in 
mind  that  the  ^xhaust  and-  intake  events  in  a 
2-stroke  engine  do  not  involve,  complete  piston 
strokes  as  t|iey  do  in  a  4'Stroke  engine. 


Four-Stroke  Cycle  Scavenging 
and  Supercharging 


'    Part  A  of  figure  6-3  is  based  on  operation  of  4 
a  4-stroke  cycle  engine  using  a  centrifiigal  type 
blower  (turbocharger)  to  supply  the  cylinder 
with  air  under  pressUVe. 

In  a  supercharged  4-stroke  cycle  engine,  th?.7 
duration  of  each  event  differs  spmew'hat  from 
the    length    of   the    stole    events    in    a  - 
nonsupercharged  4-stroke  engine.  The  intake 
and  exhaust  valves  are  open  kiuch  longer  in  a 
supercharged  engine,  and.  the  compression  and 
power  events  are  shorter,  permitting  a  longer 
period  for  scavenging.  When  the  exhaust  evtnris 
completed,  the  turbocharger  fills  the  cylinder 
with    fresh   ajr'  under  pressure   before  the 
compression  event  begins;  in  other  words,  the  ' 
turbocharger  supercharges  the  cylinders. 

To  understand  the  relationship  of  scavenging 
and  supercharging  to  th,e  events,  of  the  cycle, 
look  again  at  part  A  iii"  figure  6-3  and  follow 
through  the  complete  cycle.  Start  your  study  of 
the  cycle  at  TDC,  the  beginning  of  the  power 
event.  At  this  point,  peak  compression  has  been 
reached,  fuel  injection  is  nearly  completed,  and  ' 
combustion  is  in  progress.  Power  is  delivered 
during  the  downstrokc  of  the  piston  for  125°  of 
crankshaft  rotation.  At  this  point  in  the 
do'wnstroke  (55°  before  BDC)  the  power  event  ' 
ends  and  the  exhaust  valves  open:  .  , 

The  exhaust  valves  remain  open  throughout 
the  rest  of  the  downstroke  (55"),  throughout  all 
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of  th<  next  upjjtrokc  (IHO''),  and  throughout 
85^  of  the  next  downstroke;  a  total  of  320°  of 
diaft  rotation.  At  a  point  75""  l>cforc  the  piston 
reaches  TDO/  the  intake  valves  open  and  the 
turbochargpr  begins  forcin^frcsh  air  injto  the 
cylinder.  For  160'^  of  shaft  rotation,  the  air 
passes  through  the  cylinder  and  out  the  exhaust 
valves,  clearing  the  waste  gases  from  the 
cylinder  ^lljfc^  rapid  flow  of  j^scs  escaping 
through  exlia^ist    mrfhifolS    drives  the 

turbocliarger  The  process  of  scavenging 
continut^  untif  the  exhaust  valves  close  at  85"" 
past  TDC  .  ' 

"The  intake  valj^es*  remain  open,  after  the 
exhaust  vblves  close,  for  an  additional  140°  of 
shaft  rotation  (45°  past  BDC).  From  the  time 
the  exhaust  valves  i;lose  until  the  piston  reaches 
approxina^tely  BDC,  the  cylinder  is  being  filled 
with  air  from  the  blower.  During  this  interval,' 
the  increase  xti  pressure  is  too  small  to  consider 
because  of  the  inuKasiIng  volume  of  the  cylinder 
space  (the  piston  is  in  downstroke).  However, 
when  the  piston  reaches  BDC  and  start^f  the 
upstroke,  the.  volume  of  the  space  begins  to 
decrease  as  the  blower  continues  to  force  air 
into  the  cylinder.  Thej;csnjlt  is  il^upercharging 
effect  with  the  pressure  reaching  3  \o  S  p$\  by  the 
.  time  the  intake  valves  close. 

During  the  remaincjer  of  the  ui^stroke  (after' 
the  intake  valves  close)  the  supercharged  air  is 
compressed.  Fuel  injection  begins  several  degrees 
before  "TDC  and  iJitds  shortly  after  ;j-I>G,  The 
actual  length  of  ^the  injection  period  in  a  specific 
engine  depends  on  the  engine's  speed  and  load. 
When  the  piston  reaches  TDC,  -a  cycle  (two 
complete  crankshaft  revolutions  and  four 
strokes  of  ^he  piston)  has  taken  place,  and  the 
engine  is  reaxiy  to  repeat  the  cycle. 

-Two-Stroke  Cycle  Sraven^ng 
and  Supercharging 


In  comparing  parts  A  and  B  of  figure  6-3, 
'note  that  the  length  of  the  supercharging  and 
scavenging  periods  in  a  2-strokc  cycle  e^^gine  is 
not  the  same  as  in  a  4-str()ke  cycle  engine.  Also, 
there    is   considerable    difference    in  piston 
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location  between  the  times^wheif  these  processes 
take  place  in  the.  two  types  orengines.^^-a 
4-stroke  cycle^  scavenging  takes  place  wliile^e 
piston  is  traveling  through  the  latter  part  of  the 
iipstroke  and  .the  early  part  of  the  downstroke, 
and  superciliarging^tajces  place'' wjien  the  piston  is 
in  the  vicinity  of  BIX>In  a  2-stroke  cycle,  the 
processes  of  scavenging  and' supercharging  both 
take  .place  while  the  pjston  is  in  the  lower  part 
of  the  cyjindcr.  A  piston  in  a  4-stroke  cycle 
ehginc  does  much  of  the  ^work  of  intake  and  ' 
'  exhaust,  but  in  a  2-stroke  cycle  engine  the 
piston  docs  very  little  work  inr4hesc  two 
processes.  Because  of  tbis,MTiany' 2-*Troke  cycle  ^ 
engines  use  a  blower  to  force  air  /;lnto  the 
cylinder  and  to  clear  out  the  exhaust  gases. 

Part  B  o(  figure  6-3  is  based  on  the  operating 
cycle  of  the  engine^ shown  in  figure  6-K  If  you 
compare  part  B'  with  part  A  (fig.  6-3),  the 
ditterences  h)  the  scavenging  and  supercliarging  ' 
processes  in  2-  and  4-stroke  cycle  engines  are 
more  apparent.  Start  your  study  of  the  cycle' 
,with  the  piston  at  TDC  (part  B  of  fig.  6-3).  Fuel 
has  been  injected, .  ignition  has  occurred,  and 
combustion    is    taking    place.    The'  power 
developed  forces  the  piston.  throOgh  the  power 
evenf  until  the  piston  is  92  1/2''  (as  compared  to 
125''  for  the  4-HtrQke  cycle  in  the  preceding  * 
example)  past  TDC,  just  a  Jittle  more  than^ 
'  halfway  through  the  downstroke.  At  this  point, 
the  exhaust  valves  open,  gases  escape  through 
the   manifold,   and   cylinder    pressure  drops 
rapidly-' 

Whwi^thS  piston  reaches  a  point  48^  before 
'BDC, 'the  intake  ports  are  uncovered  as  the 
r  piston  moves  downward  and  scavcfnging  begins, 
(Compare  this"  with  the  x^pening  of  the  intake 
valves  in  a  4-stroke  cycle.)  The  scavenging  air, 
under  blower  pressure,  swiris  upward  through 
the  cylinder  and  clears  the  cylinder  of  exhaust 
gases.    The  situation   in   the  .cylinder  when 
scavenging  starts  is  approximately  the'^same  as 
'that  illustrated -in  figure  6-1  and  in  figure  6-2 
part  B.  Note  the  position  of  the  piston,  the  open 
scavenging  ports,  the  open  exhaust  valves,  and 
the  fiow  of  air  through  the  cylinder  The  flow  of 
scavenge  air  through  the  cylinder  also  helps  to 
cool  the  part^  which  are  heated  by  gombustion. 

SoLvenging  continues  until  the  piston  is' 
44  1/r  past  BlX^Ca  total  of  92i/2°  as  compared 


r 


13 


with  1^0  in  the  4-strpke  cycle)  af  which  point 
the  exhaust  valvjjs"  close.  The  exhaust  valves  ' 
rerpain  open  du|jng  only  132°,  as  compared  ' 
with  the  320"  in  the  4-s|roke  cycle.-.  The  ' 
iscavenge  ports  remain  open  for  another  3*  1/2" 
of  shaft  rotation  (45°  in' the  4-stJoke  cycle),  and 
the  blower*  continues  to  force  air  into  the 
cylinder.  Even  though  the  ports  are  open  for 
only  a  short  interval  after  the  exhaust  valves 
close,  enough  time  is-available  for  ^le  blower  to 
create    a    supercharging    effect    before  the 
compression  event  starts. 

The  piston  closes,  the  intake  ports  -at  48°* 
past  BDC.  The  compression  event  takes  place 
during  the  remainder' of  the  upstroke  with 
injection  and  ignition  occurring  at  TDC.  At  this 
point  one  (fycle  is  ended  and  another  is  ready  to  • 
staft.  - 


INTAKE  SYSTEM  COMPONENTS 


•  There  are  many  i^amtioiis  in  the  design  of  the 
engine  parts  which  function,  as  a  group,  to 
properly  direct  clean  air  to  intake  v;^ves  or 
ports.  Regardless  of  design  differences,  "th^ 
function  of  ?ach  kind  of  <part  reinains  the  same. 
We  cannot  cover  every  type  of^model  of  each 
part  of  engine  air  intake  systems  in  this  course. 
Therefore,  we  shall  discuss  only  a  t^w  of  the 
common  types  or  e^ch  of  the  principal  parts  of 
these  systems. 


Silencers,  greens'  and  Geaners 

Air  must  enter  the  intarkc  system  as  quietly 
and  as  clean  as  possible.  A  diesel  engine  uses  a 
great  quantity  of  air.  Unless  a  silencer  is. 
installed,  air  svilPrush  through  the  air-cleaning 
devices  sounding  like  an  extremely  high-pitched 
whistle,  Sitencers-r^^^enerally  constructed  as 
part  x)f  the  air-cleaning  components.  ; 

'  V 

One  type  of  air-intake  silehcfef  assembly  is 
show^  in^figure  6-4.  This  type  of  silencer  is'used 
ort  some  models  of  Gray*  Marine  arid  GM  71 
enjgines. 


SILENCER  ASSEMSLY 


END 
SCREEN 


AJR  INTAKE  SCREEN 


SILE 
SLOWER  BOLTS 


SILENiCER  PARTITION 
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Rgurt  64,^AirHntak«  iUencar  asMmbly  (GM  71), 

The  sijencer  asjtembly'is'^bdlted  to  the  intake 
side  of  the  blower,  (SeeTig,  fr^l  )  A  perforated 
steel  partition,  divides  the  silencer  lengthwise 
into  two  sections.  Air  enters  the  end  of  the 
silencer  and  pass^  through  the  inner  sectipn 
into  thj2  blower  Jhe  noise  oT  the  air  p^es 
through  the  silencer  where  it  is.tSauced .by  a 
soundrateorbent,  flameproof,  felted  cotton 
wast^  which  fills  the  outer  section  of  the 
silencer.  -  ^ 

■  i'  ■  ~ 

Upon  leaving  the  silencer,  the  air  enters  the 
blower  tfarough  an  air-intake  screen.  (See-  figs. 
6-1  and  6-4.)  The  air-intake  screen  ^prevints 
particles  of  foreign^matefial  from  entering  the 
engine.  Unless  foreign  material  is  filtered  from 
tlife.  intake  air,;  it  might "  seriously  ^mage  jQie 
blower,  assembly  and  internal  engine- parts  s^h 
as  pistons,  piston  rings,  and  liners. 


The  sile^icer-and-screen  assembly  Njust 
■  described  js  sometimes  referred  to  as\  a 
DRY-type  cleaner  and  silencer.  'Another  tytje  of 
air  cleaner  and  silencer  is  the  VISCX)US-typ^.  In 
both 'dry  and^  viscous  .types,  intake  nir  is  drawn 
through  a  finfe  mesh  or  sci^en  which  filters  fhe 
air.-  The  mesn  of  such  cleaners  may  consist  of 
cotton  fabric,  wire  screening,  specially  wound 
copper  crimp,  or  metal  <^ool.  The  principal 
difference  between  cleaners  ' of  the  dry  and 
viscous  type»  is  that  the  mesh  of  a  viscous  type 
cleaner  is  wet,  usually,  with  a  medium  weight 
oil.  An  "air  cleaner  and  silencer  assembly  of  the 
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Figurt  B'&.-IMr  film  and  illsnctr. 


viscous  type  is  shown  in  figure  6-5.  The  cleaning 
element  (metal  wool  in-  the  example  shown)  is, 
oil-soaked  to  collect  the  dust  and  dirt  from  the 
air  pS^ng  through  the  assembly.  The  hollow 
housing  which  supports  the  element  also  acts  as 
a  silencing  chamber.  This  type  assembly  isf  used 
on  some  models  of  Gray  Marine  and  GM  71 
Cngjnes. 

,  The  assembly  shown  in  figure  6-6  is  another 
viscous-type  cleaner  and  silencer^  The  filter  and 
silencer  of  this  unit  form  a  cyHnder  silencing 
chamber,  the  'euds  of  which  are  packed  with 
sound-deadening  material  Air  enters  the  silencer 
through',  the  circumferential  surface  of  the 
silencing  chamber  The  filter  element  fits  over 
the  .air  inlet.  The  element  of  the  filter  consists  of 
a  series  of  oil- wetted  wire  baffles, which  collect 
any^airfaorne  dirt  entering  the  chamber. 

Another  type  of  intake-air  cleaner  and 
silencer  includes  an  oil  bath  as  part  of  the 
^embly.  A  cross  section  of  an  oil  bath  air 
cleaner  is  shown  in  figure  6-7. 

In  oil  bath  cleaners,  the  intake  air  strikes  the 
oil  before  passing  through  the  mesh.  The  inertia 
of  -the  airborne  dust  particles  causes  some  of 
them  to  strike  and  adhere  to  the  oil  surface.  The 
mesh  collects  particles  which  are  not  removed 
by  the  oil. 

Note  the  similarity  between  Hie  oil-^th 
filter  in  figure  6^7  and  the  viscous- type  cleaner 
shown  in  figure  6-5.  The  principal  difference  is 
'-  that  the  oil  bath  cleaner  has  an  oil  reservoir 
which  trafs  the  m^or  portion  of  tjie  dirt 
.entering  the  system. 

The  silencer  and  cleaner  assembli^.  described 
in  the  preceding  paragraphs  are  representative  of 
the  devices  used  to  cdean  intake  air  and  to 
reduce  the  noise  it  makes  as  it  enters  the  engine. 
To  ensure  sufficient  cleaning  of  the  intake  air, 
air  filters,  regardless  of  type,  should  be  cleaned 
as  specified  by  the, Planned  Maintenance  System. 

Blowere 

Blowers  arc  necessary  on  most  2^oke  cycle 
engines  '  to  force  scaven^ng^^^jjy  through  the 


ENGINEMAN  3  &  2 


CASKET.  • 
(COVCR-TO-ELE«C«n 


OIL 
4  LEVCt 


'  1 0«L  RESERVOIR 


\coytH 


ELEMENT- 
ASSEMBLY 


AIR  INLET 


GA5 

{80WL"T0"AtR 


AiR  CLEANER 
80WL* 


GASKET 

{80WL"T0"AtR  INTAKE  HOUSING) 


Fi>ir«  6-7.-OH  bath  airxAwm  and  u'lenctr  assa^biy  (GM  71). 


75.1 57X 


cylinders.  In  addition;  a  supercharged  engine, 
either  2-  or  4-stroke  cycle,  must  have  a  blower 
to  fill  the  cylinder  with  fresh  air  at  a  pressure 
above  atmospheric  pressure  befdre  the 
compression  event  starts.  Basically,  the  primary 
function  of  an  engine  blower  is  to  deliver  a  large 
volume  of  air  at  a  low  pressure  (1  to  5  jsi). 

There  are  two  principal  tyj>es  of  blowers; 
POSITIVE  DISPLACEMENT  -and 
CENTRIFUGAL.  A  positive  displacement 
blower  is  usually  gear-driven  directly  by  the 
en^e,  while  a  centrifugal  blower  is  usually 
<iriven  by  an  exhaust-gas  turbine.  Positive 
displacement  blowers  jnay  be  divided  into  two 
Sroups:  the  multiple-lobe  type,  commonly  called 
•the  LOBE,  or  Roots,  blower;  and  the 
AXIAL-FLOW,  or  Whitfield  oiower. 

Blowers  are  introduced  bricfiy  in  Fireman 
NAVEDTRA  10520-E.  Since  there  are  many 


variations  in  blower ,  designs,  we  shall  discuss 
examples  of  the  more  common  deigns.  The  firet 
example,  a  lobe  blower,  is  commonly  used  on 
many  2-stroke  ^  cycle  engines.  The  other 
examples  are  exhaust-driven -centrifugal  type 
bl(fWers  (turbochargers)  found  on  some  4-stroke 
•  cycle  diesel  engines.  - 

The  cross  section  of  the  blower  in  figure  6-8 
shdws  the  many  parts  of  one  design  of  a  positive 
displacement,  lobe-type,  rotary  blower.  The 
drive  mechanism,  which  transmits  power  from 
the  crankshaft  to  the  blower,  is  attached  to  the 
end  of  the  blower.  (Drive  mechanisms  are 
discussed  in  chapter  5  of  this  manual.)  Figure 
6-9  is  an  external  view  of  the  blower  illustrated 
in  figure  6-8  (rotors  are  being  removed  from  the 
housing).  Blowers  of  this  general  type  are 
commonly  found  on  General  Motors^  Gray 
Marine,  and  many  other  engines. 

The  blower  illustrated  has  two  3-Iobe  rotors 
which  rotate  in  opposite  directions  within  the 
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closely  fitted,  inner  wall  of  the  housing-  The 
rotors  do  not  touch  each  other  or  the  housing 
wall  which  surrounds  them.  The-  rotors  are 

s  tjiounted  on  tubular,  serrated  shafts  to  which 
the  helical  rotor  ^ars  are  attached.  (See  fig. 

,  6-10.) 

The  closely  fitted  rotor  gears  are  rigidly 
'  attaclKd  to  tiw  shafts  and  are  timed  ta^eep  the 
meshing  loSes  of  the  rotors  from  touching.  The 
radial  position  of  each  Totor  and  the  qlearance 
between  the  rotor  lobes  and  the  housing  are 
maintained  by  babbitted  bearings  located  in  the 
blower  end  plates.  The  rotor  .^bearings  at  the  gear 


end  have  thnist  surfaces  vfrhich  maintain  the 
correct  axial  position  of  the  rotors  and  prevent 
contact  between  the  rotors  and  the  and  .plates. 
(See  fig.  6-8.) 

Oil  passages  in  the  end  plates  (fig.  6-8)  > 
conduct  lubricating  oil,  under  pressure  to  the 
bearinp.  Oil  seals  are  provided  at  each  bearing 
to  prevent  oil  fron]  entering  the  housing. 

An  airtight  seal  is  maintained  between  the 
end  plates  and  the  housing  by  a  fine  silk  thread 
and  a  very  thin  coat  of  nonhardening  gasket 
compound.  This  material  is  placed  around  the 
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.  housing  end-plate  openings,  inside  the  stud  line. 
(See  line  of  studs  in  fig.  6-9.) 

..£!Qwer  to  drive;  th^  blower  is  transmitted 
from  the  blower-and-accessory  drive  mechanism 
(attached«to  the  front  o*f  the  blower)  to  the 
rotor  geyr  train  {fig.  6-10)  by  a  shaft  which 

.  extencfe  through  passage  in  the  blower  housing. 
(See  fig.  6-8.)  ^ 

Air  'from  the  silencer  enters  the  top  of  the 
blower  housing  through  the  scavenging  air  inlet. 
(See  fig.  6-9.)  The  rotor  lobes  produce  a 
continuous  and  unifqrm  displacement  of  air. 
The  lobes  carry  the  air  around  the  cylindrical 
sides  of  the  housing  (in  the  spaces  between  the 
lobes  and  the  housing) 'and  force  the  air,  undier 
pressure,  to  the  bottom  of  the"  housing. .  An 
opening  in  the  infier  wdll  of  the  housing  permits 
the  air  to  pass  intA  the  space  between  the  inner 
and  outer  walls  of  the  housing,  gnd  then  out  the 
discharge  opening. 

o 
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Unlike  positive  displacement  blowers,  which 
.are  driven  througii  a  gear  train  by  the  engine 
crankshaft,  the  centrifugal  type,  blower,  or 
rboeharger,  takes  its  power  from  the  exhaust 
pses,  thereby  usmg  some  of  the  energy  that 
would  otherwise  be  wasted.  In  brief,  the 
principle  of  operation  pf  a  turbocharger  is  as 
follows:  (1)  the  gases  from  the  exhaust  manifold 
drive  a  turbine,  and  (2)  the  turbine  drives  an 
impeller  (on  the  same  shaft),  which  supplies  air 
to  the  cylinders  for  scavenging  and 
supercharging.  The  several  types  of  centrifugal 
blowers  in  naval  service  all  operate  on  this  basic 
principle. 

Some  of  the  turbochargers  installed  on 
marine  engines^  used  by  the  Navy  are  the 
Airesearch,  Alco-Buchi,  the  Elliot-Buchi,  and  the  . 
General  Electric.  Even  though  all  these  blowers 
operate  on  'the  same  principle  and  are  somewhat 
similar  in  appearance,  there  are  notable 
differences  in  the  construction  of  the  various 
types.  Som6  of  the  main  difference  be.tween  the 
Alco-Buchi  and  the  Elliot-BupJii-turbochargere 
are  given  in  figure  6-1  L  '  • . 

Figure  6-12  shows  a  phantom  view  of  the 
Alco-Buchi  turbocharger  and  figure  6-13  shows 
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ALCO.BUCHI 

*  ELLIOTT-aUCm 

 ,  :  i                            1.    I.  II 

LUBRICATED  BY  OIL  FROM  THE  ^ 

IMPELLER  AND  TURBINE  ARE 
LOCATED  ON  THE  SHAFT* BETWEEN 
THE  TWO  SHAF.T  BEARINGS. 

UBYRINTH  RING  SEALS  ARE 
LOCATED  BETWEEN  THE  SHAFT  AND 
THE  CASING  AND  BETWEEN  THE 
IMPELLER  AND  THE  CASING. 

MACHINED,  SHAFT  BEARING  END- 
FACES  SERVE  AS  THRUST  BEARINGS. 
STEEL  THRUST  COLLAR  AND  WASHER, 
ON  THE  TURBINE  END  OF  THE  SHAFT, 
LIMIT,  LONGITUDINAL  MOVEMENT  OF 
THE  SHAFT. 

BLOWER  CASE  IS  SPLIT  HORIZONTALLY. 
) 

INDEPENDENTLY  LUBRirATEtJiSY  OIL  FROM  ' 
A  SEPARATE  TURBOCHARGER  Oll^  TANK,  THE 
OIL  PUMP  IS  USUALLY  DRIVEN  BY  THE 
TURBOCHARGER. 

BOTH  SHAFT  BEARINGS  ARE  LOCATED  ON  THE 
SAME. SIDE  OF  THE  OVERHUNG  TURBINE 
WHEEL. 

Labyrinth  ring  seal  is  located  between 
the  impeller  and  the  casing, 

steel  thrust  collar^  keyed  to  the  shaft 
and  working  between  the  machined  end- 
face  on  the  outer  shaft  bearing  and  the 
thrust  bearing  face,  limits  longitudinal 
movement  of  the  shaft. 

blower  case  is  divided  vertically,  per- 
pendicular to  the  center  lines  of  the 

SHAFT. 

Figure  6-11.— Construction  differences  in  turixxhergers. 
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two  views  of.  the  tlHot-Buchi  tiirbocharger. 
Figure  6-14  shows  a  cutaway  view  of  the 
General  Electric  turbocharger. 

Two  of  the  turbochargers  mentioned,  the 
FUiot-BucW  and  the-  \ieneral  Electric,  are 
described  later  in  some  detail  as  examples  of  the 
devices  used  to  supercharge  ^-stj'oke  cycle 
engine^.  - 

Many  of  the  parts  of  an  Elliot- Buchi 
turbocharger  are  identified  in  figures  6-13  and- 
6-14.  You  can  see  different  views  of  some  of  the 
parts  by  looking  at  both  figures.  As  you  study 
the  following  description,  frequent  reference  to 
figures  6-13  and  6-14  will  help  you  to  become 
famiiiar  with  the  turbocharger  and  its  operation. 


In  the  discussion  we^  will  consider  this 
turbocharger  as  being  divided  into  four  systems: 
exhaust,  intake,  cooling,  and  lul?ricating.  Similar 
systems  are  common  to  other  exhaust-driven 
turbochargers. 

EXHAJJST  SYSTEM. -The  exhaust  system 
^consists  of  an  impulse  turbine  inside  a  turbine 
casing.  JThe  system  furnishes  the  driving  power 
for  the  turbocl]arger.  Gases  from  the  exhaust 
manifold  enter  the  turbine  casing  through  four 
inlets,  ,The  high-temperature  and  high-velocity 
exhaust  gases  strike  the  turbine  disk  and  cause  it 
to  rotate  at  high  speed.  The  turbine  disk  rotates 
in  the  same  direction  For  both  directiojis  of 
en'gine  rotation.  The  speed  of  the  turbine  is 
automatically  controlled  by  the  speed  and  load 
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of  the  engine.  When  the  gases  have  turned  the 
turbine,  they  are  discharged  through  the  exhaust 
outiet.  f 

AIR- 1  NT  AXE  SYSTEM. --The  air-intake 
system  consists  of  a  centrifugal  blower  mounted 
in  a  casing  and  an  ,air  silencer  and  screen.  Since 
they  are  mounted  on  the  same  shaft,  the  blower 
•  ai^d  the  turbine  both  rotate  at  the  same  speed. 
This  means  that  both  the  turbine  speed  and  the 
•amount  of  fresh  air  discharged  to  the  intake 
manifold  are  automatically  controlled  by  the 
engine  speed.  The  combustion  air,  discharged 
from  the  turbocharger,  is  often  cooled  by  an' 


aftercooler  to  reduce  its  volume  prior  to  delivery 
to  the  combustion  spaces.  This  air  cools  the 
parts  of  the  cylinders  and  allows  for  higher 
supercharge  rates. 

COOLING  WATER  SYSTEM.-The  cooling 
water  system  is  connected  to  the  frdshwater 
cooling  system  of  the  engine.  Water  circulates 
through  jackets  around  the  turbine  casing,  the 
oil  sump,  and  the  backplate.  The  water  cools  the 
turbine  casing,  which  is  in  constant  contact  with 
the  hot  exhaust  ,gases.  It  also  cools  the 
lubricating  oil,  ani  the  backslate  prevents  heat 
conduction    to    the    fresl^r   side   of  •  the 
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Figurv  &13.^Blow^  c«jng  iiSMibly  ramoved  from  fur- 
bin*  casing  lEItiott-Buchi). 


turbochargen  The  temperature  of  the  intake  air 
must  be  kept  down  since  this  air  aids  in  cooling 
the  cylinder  an'd  the  exhaust  valves;  during 
scavenging.  Aftercoolcrs  use  saltwater  as  a 
cooling  medium  |q  achieve  below-ambient 
temperatures. 

LUBRICATING  SYSTEM. ^The  lubricating 
system  may,  or  may  not,  be  completely  separate 
from  the  engine  lubricating  system  -  In  a  separate 
system/ an  oil  pump  is  driven,  through  reduction 
gears,  by  the  shaft  of  the  turbocharger.  Tlie 
pump  /  draws  oil  from  the  sump  tarik  and 
disci^drges  it,  througli  a  filter,  into  the  bearing 
support  of  the  rotating  assembly.  The  pump 
suppli^  oil  at  the  proper  pressure  to  all  moving 
parts  of  the  turbocharger.  Oil  pressure  varies 
with  turbocharger  speed. 


Tl^  C^cral  Electric  turbocharger  (fig.  6-15) 
operates  on  the  same  basic  principle  as  the 
turbocharger  just  described;  however,  the  GE 


turbocharger  differs  from  the  EUiot-Biu:hi 
turbocharger  in  certain  features  pf  "design  and 
construction.  For  example,  the  GE  air  filter  and 
cleaner  assembly  is  not  an  integral  part  of  the 
blower.  The  viscous-type  ,  assembly  shown  in 
figure  6-6  is  used  in  tlie  intake  systems  of  some 
diesele  engines  equipped  with  the  GE 
turbochargers.  Even  thou^  the  ^GE  and 
EUiot-Buchi  turbochargers  differ,  tlie  following 
discussion  reveals  a  number  of  ways  in  which  the 
two  ^re  similar. 

In  brief,  the  GE  turb6charger  consists  of  an 
exhaust  gas-driven  turtjine  and  a  centrifugal 
compressor.  The  compressor  impeller  and  the 
turbine  wheel  are  mounted  on  a  common  shaft, 
thus  forming  a  single  unit.  The  compressor 
consists  of  an  impeller,  diffuser,  and  a  casing.  All 
of  these  parts  are  usually  made  of  cast 
aluminum.  In  later  models,  the'  impeller  is 
sometimes  a  forging.  A  water-cooled,  cast 
aluminum  housing,  which  contains  the  two 
journal  bearings  and  the  thrust  bearing,  also 
serves  as  the  turbine  exhaust  casing.  The  turbine 
assembly  includes  tlie  water-cooled  nozzle  box, 
the  nozzle  ring  or  diaphragm  assembly,  and  the 
turbine  wheel.  All  of  these  turbine  parts-  are 
made  of  corrosion-resistant ,  high-temperature 
alloys. 

Oil  for  turbocharger  lubrication  is  taken 
from  the  engine  lubricating  system. 

Even  tiiough  brief  and  general  in  some 
instances,  the  preceding  account  of  blowers 
should  be  sufficient  to  clarify  tlie  principles  of 
blower  operation  and  some  of  tlie  differences 
and  similarities  in  blower  construction.  The 
details  on  a  blower,  or  any  engine  component 
for  that  matter,  should  be  obtained  from  the 
appropriate  manufacturer's  technical  manual. 

Intake  Air  Passages  » 

Air  must  pass  through  a  number  of  passages 
to  reach  the  combustion  spaces  within  an 
engine.  So  far,  this  discussion  )m  considered  the 
passage  of  air  through  components  which  clean? 
silence,  and  compress  the  intake  air.  From  the 
blower,  however,  the  air  is  discharged  into  a  unit 
or  passage  which  conducts  it  to  the  intake  valves 
or  ports  of  the  cylinders.  The  design  of  such  a 
unit  as  well  as  the  terminology  used  to  identify 
it  differs,  depending  on  the  type  of  engine. 
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In  2-stroke  cycle  engines,  the  passage  which 
conducts  intake  air  to  the  cylinders  is  generally 
called  an  AIR  BOX.  The  air  box  surrounds  the 
cylinders  (tig.  6-1)  and,  in  many  engines,  is  built 
into  the  block.  In  2-stroke  cycle,  V-type,  diesel 
engines,  the  air  box  consists  of  the  space  (within 
the  block)  between  the  two  banks  of  tlie 
V-construction  and  the  open  space  between  the 
upper  and  lower  deckplates  of  each  bank.  Tlie 
scavenging  air  passages  •  in  a  *  Fairbanks-Morse 
opposed-piston  ehgine  is  referred  to  as  the  AIR 
RECEIVER.  This  compartment  is  at  the  upper 
part  of  the  block  and  surrounds  cylinder  liners. 
In  some  2-stroke  cycle  engines,  the  passage 
which  serves  as  a  reservoir  for  intake  air  from 
the  blower  is  called  an  AIR  HEADER. 

Drains  are  generally  provided  in  air  boxes, 
receivers,  and  headers  to  drain  off  any  liquids 
that  may  accumulate.  A  slight  amount  of  vapor 
from  the  air  charge  may  condense  and  fettle  in 


the  air  box,  or  a  small  amount  of  lubricating  pif 
may  he  blown  into  the  air  box  as  tlie  piston 
passes  the  ports  on  the,  downstroke  following 
the  power  event. 

On  some  engines,  the  drains  are  vented  to 
the  abnosphere.Jn  others,  a  special  drain  tank 
collects  the  drainage  from  the  air  box.  Figure 
6-16  shoWs  the  air  drain  tank  assembly  for  GM 
series  71  engines.  The  purpose  of  the  tank  is  to 
prevent  drainage  of  oil  to  the  engineroora.  A 
small  connection  from  the  fuel  pump  also  carries 
to  the  drain  tank  any  fuel  oil  that  may  leak  past 
the  seals  in  the  pump., 

Drains.are  of  prime  importance  when  the  air 
cooler  is  installed  between  the  blower,  or 
turbochaiger,  discharge  and  air  intake  manifold 
or  receiver.  The  drains  are  usually  left  open 
during  engine  operation  to  prevent  condensation 
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or  water  from  leaky  coolers  being  carried  into 
the  engine  cylinders  with  the  combustion  air. 

In  4*stroke  cycle  diesel  engines,  the  intake 
air  passage  from  the  blower  to  the  cylindefs  ^ 
differs,  in  general,  from  those  in  2-stroke  cycle 
engines  in  that  the  passage  is  not  an  integral  part 
of  the  block.  Instead,  a  separate  unit  is  attached 
to  the  block  to  conduct  intake  air  to  the  engine 
cylinders.  Tha  attached  unit  is  generally  called 
an  air  intake;  MANIFOLD.  Figure  6-17  shows 
both  the  intake  and  the  exhaust  manifolds.  Note 
the  arrows  which  indicate  the  flow  of  air  from 
the  turbochai^,  throu^  the  intake  manifold, 
to  the  cylinders  and  the  flow  of  the  gases  from 
the  cylinders  back  to  the  turfaochar'ger  and  the  . 
exhaust,  o 

The  hi  take  manifold  shown  in  figure  6-17  is 
a  one-piece  fabricated  steel  unit.  The  unit  is 
heavily  insulated  with  felt  lagging  and  covered 
with  heavy  canvas.  The  insulation  dampens  the 
noise  created  by  the  turbocharger. 
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Figure  6-16.-Air  box  dr«n  tank  asstmbly  (GM  71). 

V 

Cylinder  Por^^md^alves  ^ 

The  amount  of  air  that  enteri  the  cylinders 
from  the  air  box  or  manifold  is  controlled  by 
opening*  and  closing  the  cylinder  valves  or  ports. 
Whether  air  is  admitted  to  the  cylinders  of 
modem  engines  through  i^rts  or  by  valves 
depends  upon  the  type  of  engine.  As  vft  stated 
earlier,  in  modem  4-stfoke  cy^le  engines,  the 
amount  of  air  that  enters  the  cylinders  is 
controlled  by  valvra,  while  ports  are  used  for 
tliis  purpose  in  2-stroke  cycle  engines.  Ports 
controi  the  discharge  of  exhaust-gases  from 
some  2-st^oke  cycle  engines;  and  valves  perform 
the  same  function  in  all  4-stroke  and  in  many 
2-stroke  cycle  engines- 

We  have  made  frequent  reference  in  tfiis 
course  to  ports  and  have  illustrated  their 
location  in  the  cylinder  liner.  (See  fig.  6-1  and 
6-2.)  INTAKE  PORTS  are  usually  located  in 
such  a  way  that  air  enters  the  cylinder  in  a 
whirling  motion.  The  turbulence  created  helps 
to  increase  the  amount  of  intake  air  that  is 
reached  by  the  injected  fuel  particle;  thus  the 


123 


ENGINEMAN  3  &  2 


gifHiiilY 


iXMAUSr 


EXHAUST 

OASIS 

MTAti 

AUt 

Figure  6-17.-Manjfoids. 


75.167 


power  output  of  the  efigine  is  increased.  Intake 
ports  as  well  as  EXHAUST  PORTS  are  opened 
and  dosed  by  the  pistoJi  as  it  moves  back  and 
fcft-th  in  the  cylinder.  The  valves  of  an  engine  are 
opened  4nd  closed  at  the  proper  point  in  the 
cycle  of  operation  by  a  series  of  parts  called  the 
valve  actuating  mechanism  or  gear. 


Cylinder  Test  Valv^  and 
Safety  or  Relief  Valves 

t  p 

In  some  large  engines,  each  cylinder  is 
equipped  with  valves  which  serve  different 
purposes  from  those  of  tlie  intake  ^d  exhaust 
valves.  Instead  of  admitting  air  to  the  cylinder  or 
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permitting  tiie -exhaust  gasps  to  escape,  these 
valves  may  be'  used  for  testing  s  or  safety 
purposes.  Even  though  they  are  not  a  part  of  the 
engine*s  air  system,  these  valves  are  definitely 
related  to  this  system  smce  they  are  provided  to 
test  or  relieve  pressure  which  may  develop  with 
the  combustion  space. 

A  JEST  VALVE  is  used  (1)  to  vent  the 
cylinder  of  any  accumulated  water  or  oil  before 
an  engine  is  started;  (2)  to  relieve  cylinder 
pressure  wheh  the  engine  is  being  turned  by 
hand;  or  (3)  to  test  compression  and  firing 
pressures.  Test  valves  are  hand-operated.  (See 
fig,  M  8.) 

^  '  The  terms  **safety  valves**  and  "relief 
valves''  are  used  by  manufacturers  to  identify 
valves  installed  in  cylinder  heads  or  liners  ajid 
designed  to  relieve  excessive  pressure  that  may 
develop  when  the  engine  is  operating.  Whether 
they  are  called  safety  valves  or  relief  valves, 
these  valves  are  designed  to  open  when  the 
cylinder  pressure  exceeds  a  saf^merating  limit. 


A  sectional  view  of  the  safety  valve  and  test 
valve  arran'gement  in  the  head  of  a  GM  268A 
engine  is  shown  in  figure  6-18.  Note  the  passage 
and  adapter  for  a  cylinder  pressure  indicator. 
Most  test  and  relief  valve  arrangements  have  an 
adapter  for  tlie  cylinder  pressure  measuring 
instrument. 

The  valves  shown  in  figure  6-18  are  fitted  in 
passages  within  the  cylinder  head.  In  some 
engines,  however,  the  relief  valve  is  attached 
separately  to  the  exterior  of  the  head  or  liner. 
For  example,  the  cylinder  relief  valve  of  an  FM 
38D8  1/8  is  screwed  into  an  adapter  wliich  also 
has  a  tapped  opening  for  an  indicator  valve.  The 
adapter  is  attached  to  the  cylinder  liner  adapter 
sleeve. 

Many  cylinder  safety  or  relief  valves  are  of 
the  spring-loaded,  poppet  lype.  There  are 
devices  for  adjusting  the  valves  to  open  when  a 
predetermined  pressure  is  reached  in  the 
cylinder. 
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Ftgura  6-18.-Qyllndor  tttt  and  i«f«ty  valvat. 


The  parts  of  engine  air  systems  considered  so 
far  have  provided  a  passage  for  air  into  the 
cylinders  and  for  the  release  of  gases  from  the 
cylinders  after  combustion.  The  relationship  of 
blowers,  or  turbochargers,  to  both  the  intake, 
and  exhaust  systems  lias  also  been  pointed  out. 

The  system  wliich  functions  primarily  to 
carry  gases  away  from  the  cylinders  of  an  engine 
is  called  the  exhaust  system.  In  addition  to  this 
principal  function,  an  exhaust  system  may  be 
designed  to  perform  one  or  more  of  the 
following  functions:  muffle  exhaust  noise, 
quench  sparks,  remove  solid  'material  from 
exhaust  gases,  and  furnish  energy  to  a 
turbineniriven  supercharger.  In  the  following- 
sections,  we  will  discuss  the  principal  parts  that 
may  be  used^  combination  to  accomplish  the 
functions  of  an  engine  exhaust  system. 

EXHAUST  MANIFOLDS 

When  the  gases  of  combustion  are  forced, 
from  the  cylinders  of  an  engine,  the  gases  enter  a 
unit  which  is  generally  referred  to  as  the 
manifold.  The  unit  that  receives  the  gases  of 
combustion  is.  sometime  called  a  header  or  belt. 
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The  interior  of  the  exhaust  manifold  shown  in 
tlgure  6-1 7  is  illustrated  in  figure  6-19, 

Tlie  exhaust  manifold  is  flanged  to  tlie 
exhaust  valve  ports  (fig.  6-17)  of  the  engine  with 
gaskets  between  the  flaj\ges  and  the  cylinder 
heads.  Tlie  cyUnders  are  connected  in  pairs  to 
/our  lines  within  the  manifold.  Each  of  the  lines 
^tias  a  joint  which  allows  for  the  expansion 
caused  by  the  iieat,  A  water  jacket  surrounds  the 
bank  o£  exhaust  tubes  to  reiiuce  heat  radiation 
into  the  enginerpom.  (The  exhaust  manifolds  of 
.most  marine  .  engines  are  water  cooled.)  A 
protective  resin  compound  is  .baked  onto'^the 
water  jacji^et  to  prevent  corrosion. 

^  Tlie  manifold  shown  in  figure  6-19  is  a 
one-piece  unit,  fabricated^  of  stcql/  Some 
manifolds  are  made  of  steel  plate  wipi  welded' 
joints  and  branch  elbows  of  steel  castings,  while 
others  are  made  of  aluminum  castings.  On  some 
engines/  all  exposed  surfaces  of  exhaust 
manifolds  and  related  parts  are  insulated  with 
layers  of  spun  glass  held  in  place  by  laced-on 
woven  asl>estos  covers.  The  insulation  helps  to 
reduce  heat  radiation.  Usually,  there  .are 
expansion  joints  between  the  manifold  sections 


and  the  turbochar^rs  jor  other  outlet 
connections.  / 

Tlie  exhaust  manifold  shpwn  in  figure  6-19 
is  the  passage  for  gases  from  the  combustion^ 
spaces  to  the  exhaust  inlet  of  ^the  turbocharger, 
Tlius,  tlie  turbine,  end  of  the  turbochargex;  may 
be  considered  as  part  ,  of  the  exhaust  system 
since  it  forms  part  of  the  passageway  for  the 
^escape  of  gases  to  tlie. exhaust  outlet.  (See  fig, 
.  6-13  and  6-17.)  A  similar  ^  arrangemerit  is 
characteristic  of  other  4-stroke  cycle, 
supercliarged  dieseljfiipnes. 


PYROMETERS 


On  some  diesel  engines  the  exhaust  system 
has  a  device  for  measuring  "the  exhaust 
temperature.  The  device  most  commonly  used  is 
a  pyrometer.  By  comparing  the  exhaust  gas 
temperature  of  each  cylinder,  the  operator  can 
determine  if  the  load  is  balanced  tlirougliout  the 
engine.  ,  ■ 
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Figure  6- 19. -Water  jacketed  e\hau$t  manifold. 
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"fhc  indicating  unit  of  tlie  pyrbmeter  is 
calibrated  to  givb  a  direct  ,  reading  of 
temperature,  HowevuTv^e  pyrometer  actually 
tiieasufes  jtiic  difference  ^b^teen*  the  electric 
cmxent  produced' by  heat'^SSng  on  dissimilar 
metals  in  the  tliermocouple  hot  jutictlon  and 
^gid  junction. 

Tlie  metals  mcKit  commonly  used  .in  the 
thermocouple  are  iron  pnd  constantin  wliich  are 
covered  by  an  insulator.  Tlie  thermocouple  is 
-^placed  so  that  the  hot  junction  is  in  contact  with 
the  exhaust  gases. 

Since  the  pyrometer  measures  the  difference 
between  the  hot  junction  and  the  cold  junction, 
the  temperature  at  the  cold  junction  mu^  either 
^  be  constant  or  compensated  for,  if  the 
temperature  reading' on  the  indicating  unit  is  to 
have  any  meaning.  '  V 

'  lliere  are  tw/q  types  of  pyrometers  used  to 
take  exhaust  temperature  readings,  the  fixed, 
installation  '  and  the  portable  hand-recording 
instrument  (fig.  6-20).  Both  types  use  a 
thermocouple  unit,  such  as  shown  in  figure  6-2 1 , 
-  installed  in  the  exhaust  manifold. 
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Figurt  Pyromtttrt  uttd  in  diesal  angimi  txhaust 
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Figure  &21<-Sacti€mai  view  of  a  therm ocoupfe. 

Pyrometers  of  the  fixed  installation  type 
(fig,  6-2dA)  'have  a  thermostatically  operated 
control    spring    which    makes    tlie  required 
temperajiire    corrections   automatically.    Tlie  . 
portabfelt^nd  pyrometer  (fig.  6-20B)  has  az^ro 

adjuster  \vhich  must  be  set  by  hand. 

.  ■     *  .      ■        '  '  ' 

EXHAUST  PIPING  AND 
SILENCERS  (MUFFLERS) 

After  passing  through  the  turbine  end  of  fhe 
'  turbocharger  of  a  4TStroke  cyc^  engine  or  after 
'  being  discharged  frorn  the  exhaust  manifold  of  a 
natural  aspirated  4-stroke  cycle  engine  or  after 
being  discharged  from  the  exhaust  manifold  of  a 
2-stroke  cycle  engine,  the  g^ses  pass  tlirough' the 
exhaust  pipe -(flexible  of  rigid)  to  the  silencer,  or 
muffl^.  ^The  gases  are  discharged  from 
.  silencer  to  the  atmosphere  throughjtiie  tail  pipe 
or  overboard  discharge  pipe."^^^  fig.  6-1  and 
6-17.)  / 

Silencers,    or    mufflers,  placed  on 

internal-combustion  engines  miainlx;^to  reduce 
the  noise  created  by  ,the  exhaust  as  uie  exhaust 
valves  or  ports  open.  The  noise  of  thesexhaust 
can  be  reduced  by  placing  sound-absorbent, 
fjiame-proof  material  in  tiie  exhaust  passages,  but 
'the  resulting  back  pressure  might  keep  the 
engine'  from  operating,  .Because  of  the  serious 
effects  of  back  pressure  upon  the  operation  of 
the  engine,  the  device  used  to  reduce  the  noise 
^  of  itlie  exhaust  rtiu'st  be  designed  to.  keep  the 
e>maust  back  pressure  to  a  minimum. 

Most  niodern  marine  engines  use  a  wet  type 
exhaust  silencer.  (See  fig.  6-1  and  6-17.)  Wet 
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type  mufflers  are  usually  made  of  cast  or  sheet 
iron  with  a  system  of  internal  baffles  to  break 
up  the  exhaust  gas  pulsatipn.  This  construction 
gives  a  silencing  effect  without  prcxiucing'a  back 
pressure,  Tlie  water  used  in  wet  type, silencers 
also  helps  to  adduce  noise.  The  water  coots  the  ' 
exhaust  gases,  causing  the  pses  to  contract.  Tlie 
decrease  in  volume  reduces  the  velocity  of  the 
.  exhaust  gases  and  tiiereby  i-educes  the  exhaust 
noise,  Tlie  water  itself  absorbs  some  of  the 
.souijd. 

Tlie  silencer  shown  in  figu/e  6-1  consists  of  a 
steel  'drum  divided  into  two  compartments  by  a' 
transverse  baffle  plate.  Tiie  exhaust  inlet  pipe 
exten^^s  in  such  a  way  that  the  exhaust  gases 
must  ^circle  back  and  pass  thrgugli  a  stream  of 
water  before  they  enter  the  pipes  which  extend 
througli  the  baffle  plate. 

In  the  outlet  compartment,  the  exhaust 
gases'  are  again  deflected  before  they  enter  the 
water  outlet  pii>e,  A  second  stream  of  water 
,   enters  the  tail  pipe  and  helps  carry  the  gases  to 
*   '   the  overboard  discharge. 

,  Some  marine  ^engines  use  a  dry  ty  pe  exhaust 
silencer  In  both  the  wet  arid  dry  type  silencers 
of  most  marine  installations,  circulating  water  is 
used  to  reduce  the  temperature  of  the  exhaust 
gases.  The  principal  difference  between  the  two 
is  that  in  theairy  type  "the  exhaust  gases  do  not 
come  in  contact  with  the  cooling  water;  in  other 
words,  the  water  does  not  now  ^througli  the 
silencer  compartment  but  (lows,  instead, 
througii  a  jacket  around  the  silencer.  In  wet  type 
silencers  the  gasc^  are  expanded  into  the  silencer 
and  come  in  direct  contact*  with  the  water.  In 
passing  -througi^  the  baffles  and  througJi  the 
.water,  the  'gases  are  cooled,  condensed, 
decreased  in  volume,  and  effectively  silenced. 

In   addition'  to  acting  as  silencers,  most 
mufflers  aiso  act  as  spark  arresters,  llie  water  in  * 
wet  type  silencers  is  a  spark  arfestcr.  Some  dry 


type  sjJrencers  have  a  device  th^t  traps  burning 
carbtm  particles  aiid  soOt. 

The  interiors  of  all  mufflers  are  subjected  to 
moisture:  condensation  in  dry  type  mufflers  and 
the  supplied  water  in  wet  type  mufflers.  Because 
of  this,  most  silencers  are  coated  inside  and  out 
with  a  corrosion-resistant  material. 

PARTS  OF  OTHER  SYSTEMS 
RELATED  TO  ENGINE 
AIR  SYSTEMS 

Tlie  parts  discuss^jd  in  this  chapter  are  those 
generally  associated  with  the  air  systems  of  most 
engines.  Some  engines  are  equipped  with  parts 
which  perform  special  functions.,  Tltesfe^  parts, 
even  thougli  related  to'  the  engine  air  systems, 
are  more  frequently  considered  as  parts  of  other 
engine  systems. 

For  example,  some  engines  are  equipped^ 
with  intake  air  heaters  or  use  other  metliods  to 
overcome  tlie  influence  of  low  temperatures  in 
cold  weather  starting.  Devices  and  methods  used 
for  this  purpose  are  discussed  in  later  chapters. 

Some  engines  are  eqtiipped  with  devices  to 
cool  the  compressed  air4ffi{j^is  discharged, from 
the*«uper^'harger.  Devices  used  fpr  cooling  the 
air  '^re  discussed  with  the  engine  cooling 
systems.  *  : 

Many  engines  are  equipped  witli  devices  or 
systems  wliich  provide  crankcase  ventilation. 
Blower  action  is  necessary  in  many  ventilation^ 
systems.  The  systems'  operate  to  prevent- 
contaminatictf|  of  -engineroom  spaces  ^with 
heated  or  Tume-laden  air,  to  reduce^  the 
formation  of'  sludge  in  lubricating  oil,  and  to 
prevent  tlie  accumulation  of  combustible  gases 
in  the  crankcase  and  in  the  oil  pan  or  sump. 
Devices  used^  to  ventilate  engine  crankcases  art; 
discussed  with  the  lubricating  systems. 


\ 

\'      '   ■  ■ 

\       ■  ■ 


ERIC 


128 


CHAPTER  7 

ENGIlstE  STARTING  SYSTEMS 


r 


.  The  operatmg  principles "  of  the  starting 
systems  used  with  intemal-irombustion  engines 
•and  tlM  ignition  systems  common  to  gasoline 
engine  axe  described  in  this  chapter. 


STARTING  SYSTEMS 

As'  an  Englneman  you  will  be  concerned 
with  the  three  types'  of  starting  systems^  used, 
with  ^  i  n  te  r  n  al-combustion  engines -electric? 
hydraulic,  and  air-  Electric  starting  sjjstems  are 
used  with  gasoline  engines  and  some  high-speed 
diesel  engines.  The  air  starting  system  is  used 
wherever  practicable  for  starting  diesel  engine 
because  it  contains  sturdier  components,  and 
requires  less  maintenance.  The  h/d}*auUc  starting 
system  is  used  where  nonmagnetic  or  lightweight 
characteristics  are  required-  ' 


ELECTRIC  STARTING  SYSTEMS 


Electric  starting  systems  use  direct  current 
beqause^electrical  energy  in  this  form  can  be 
stored  ia  batteries  and  drawn  upon  when 
needed.  The  battery*s  electrical  energy  can  be 
restored  by  charging  the  battery  with  an 
engine-driven  generator.  . 

The  main  components  of  the  electric  starting' 
system  are"  a  storage  battery,  starting  motor, 
generator,  !tnd  associated'  control  and  protective 
ctevices.  The  storage  battery  is  described  in  detail 
in  Ba^ic  Electricity.  NAVPERS  1 0086-B,  and  in 
Fitemm,  NAVEDTRA  1052&*E,  and  therefore  is 
covered  only  lightly  in  this  manual 


Starting  Motors  and  Oriv^ 

•  The  starting  motor  for  diesel  and  gasoline 
engines  operates  on  the  same  principle '  as  a 
direct  current  electric  motor.  The  mot^r  is 
designed  to  carry  extremely  heavy  loads  but 
tends  to  overheat  quickly  because  it  draws  a 
high  current  (300-665  amperes).  To  avoid 
overheating,  NEVER  allow  the  motor  to  run  for 
.  more  than  30 seconds  at  a  time.  Thenallow  it  to 
cool  for  2  or  3  minutes  before  using  it  again. 

To  start  a  diesel  engine,  you  must  tum  it^ 
over  rapidly  to  obtain  sufficient  heat  to  ignite 
the  fuel  The  starting  motor  is  located  n6ar  the 
flywheel.  The  drive  gear  on  the  starter  is 
arranged  so  that  it  can  mesh  with  ihe  teeth  on 
the  flywheel  when  the  starting  switch  is  closed 
The  drive  mechanisn\  has  three  ftinctions:.  ( 1 )  to 
ti^nsmit  the  turning  power  to  the  engine  when 
the  starting  motor  runs,  (2)  to  disconnect  the 

•  starting  motor  from  the  engine  immediately 
after  the  engine  has  started,  and  (3)  to  provide  a 
gear  reduction  ratio  between  the  starting  motpr 

^  an^l  the  engine.  (The-  gear  ratio  between  the 
driven  pinion  and  the  flywheel  is  usually  about 
1 5  to  1 .  This  means  that  the  starting  motor  shaft 
rotates  1 5  times  a^  fast  as  the  engine,  or  at  1 50O 
rpm  to  tum  the  engine  at  a^speed  of  KX)  rpm.) 

The  drive  mechanfism  must  disengage  the 
pinioo  from  the  flywheel  immediat^lv  after  the 
engine  starts.  After  the  engine  starts,  the  engine 
speed  may  increase  rapidly  to  appi*oximateIy 
1500  rpm.  If  the  drive  pinion  remained  meshed 
with  the  flywheel  and  also,  locked  with  the  shaft  . 
of  the  starting  motor  at  a  normal  engine  speed 
i  1 500  rpm),  the  shaft  would  be  spun  at  a  fapid 
rate-22,500  to  30,000  rpm.  At  "^such  speeds^ 
the  starting  motor  would  be  badly  damaged. 
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Figurs  71.— A  starting  motor  with  Bendix  cktve. 


B  E  N  D I X  DRIVE  MECHANISMS.  -The 
Bendix  drive  is  an  example  of  a  starting  motor 
'  drive  mechanism  used  on  Navy  diefel  engines, 
such  as  the  General  Motors  Model  268A,  The 
drive  mechanism  moves  the  drive  pinion  so  that 
it  meshes  with  the  ring  gear  on  the  flywheel 
Figure  7-1  illustrates  a  siarrting  motor  equipped 
with  a  Bendix  drive  friction-clutch  type 
meclianism.  / 

Tjie  pinion  of  the  Bendix  drive  is  mounted 
on  a  spiral- tlireaded  sleeve  so  that  when  the 
shaft  of  the  motor  turns,  the  threaded  sleeve 
rotates  within  the  pinion,  moving  the  piniOn 
outward,  causing  it'  to  mesh  with  the  flywheel 
rihg  gear  and  crank  the  engine.  A  friction  clutch 
a,bsorbs  the  sudden  shock  when^  the  gear  meshes 
with  the  flywheel. 

As  soon  as  the  engine^  runs  under-its*  own 
power,  the  flywheel  drives  the  Bendix  gear  at  a 
higher  speed  than  the  shaft  of  the  starting  motor 
is  rotating-  This  causes  the  pinion  to  rotate  in 
the  opposite  direction  on  the  shaft  spiral  and 
automatically  disengages  the  pinion  from  the 
flywheel  as  soon  as  the  engine  starts, 

Special  switches  are  needed  to  carry  the 
t^avy  current-  drawn  by  starting  motors. 
Starting  motoni  that  have  a  Bendix  drive  use  a 
heavy  duty  solenoid  switch  (relay  switch)  to 
open  and  close  the  motor-to-baittery  circuit  and 
a  hand-operated  starting  switch  te>  operate  the 
solenoid  switch.  The  starting  switch  is  on  the 
instfument  panel  and  may  be  a  pushbutton  or  a 


lever  type.  Tlie  solenoid  switch  (fig.  7-2)  is 
mounted  on  and  grounded  to  the  starting  motor 
housing  so  that^he  heavy  current  wires  may  be 
as  short'  as  possible.  When  the  solenoid  is 
enei;gized  by  the  starting  switch,  the  plunger  is 
drawn  into  the  core  and  completes  the  circuit 
between  the  battery  and  the  sfarting  motor. 

OPERATING  PRECAUTIONS  on  the 
Bendix  drive  must  be  strictly  followed,  There 
are  times  when  the  engine  starts,  tiirows  the 
piston  out  of  mesh,  and  then  stops.  When  the 
engine  is  coming  to  rest,  it  often  rocks  back  paVt 
of  a  revolution.  If  at  that  moment  an  attempt  is 
made  to  engage  the  pinion,  the  drive  mechanism 
may  be  seriously  damaged.  Therefore,  you  must 
wait  several  seconds  to  be  sure  that  the  engine  i^ 
completely  stopped  before  you  use  t}ie  starting 
switch  again.  • 

At  times  the  pinion  will  fail  to  immediately 
engage  after  the  starting  tnptor  iias  been 
energized.  When  this  happens,  you  will  fail  to 
hear  the  engine  turning  over  and  the  starting 
motor  will  develop  a  high-pitched  whi^ie.  You 
should  immediately*  de-energize  the  starting 
motor  to  prevent  overs peeding.  An  electric 
starting  motor  opera  tiifg  under  no-load 
conditions  can  quickly  overspeed  and  cause 
serious  damage. 

If  the  pinipn  is  to  engage  and  disengage 
freely,  the  sleeve  and  the  pinion  threads  should 
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Figurt  7-3,— A  itarting  motor  with  Dytr  shift  drive.  - 


be  free  from  grease  and  dirt.  The  Be^dix  drive 
should  be  lubricated  in  accordance  with 
instructions  in  the  manufacturer's  technical 
manual.  i 

^  ■       ..  . '  S  •  • 

DYER  DRIVE  MECHANISMS.  A  starting 
n^tor  assembly  w^h  the  Dyer  drive  mechanism 
is  illustrated  Jn'^^'figu re  7-3.  In  this  system,-  the 
drive  pinion  meshes  with  the  flywheel  ring  gear 
BEFORE  the  starting  motor  switch  is  closed  and 
-  before  the  piotor  shaft  begins  to  rotate.  This 
prevents  the  pinion  teeth  from  clashing  with  the 
flywheel  ring  gear  and  also  the  possibility  of 
broken  or  burred  teeth  on  either  the  ring  gear  or 
the  drive  pinion. 

Figure  7-4- shows  two  views  of  the  Dyer  shift 
drive  -a  separa^te  drive  assembly  and  a 
disassembled  mechanism.  The  upper  end  of  the 
shift  lever  is  linked  to  the  solenoid  switch, 
moisted  on  top  of  the  starter.  The  shift  lever 
m«(ves  the  entire  drive  mechanism  axially  along 
the  motor  shaft  toward  the  flywheel  At  the  end 
of  this  movement,  the  drive  pinion  is  meshed 
^with  the  flywheel  ring  gear  and  has^co^ye  to  rest 
against  the  pinion  (fig-  7-3). 

When  the  shaft  of  the  starting  motor  begins 
to  rotate,  the  shift  sleeve  returns  to  jts  original 
position,  out  of  the  way.  The  instant  the  engine 
starts,  the  ring  gear  tries  to  spin  the  pinion  faster 
than  tlie  motor  shaft  is  turning.  This  causes  the 
pinion  and  pinion  guide  to  spin  back  cHit  of 
mesh,    and    the    pinion    guide    (fig.  ^-4) 


automatically  ioc}<fs  the  pinion  in  the  disengaged  , 
position.  ^  ^  \ 

Operation  of  the  solenoid  switch  is  siniila:^  to 
that  of  the  switch  used  with  the  Bendix  drive. 
When  -the  starting  switch  is  operated,  'the* 
solenoid  closes  the  starting  motor  switch  and 
moves  the  shift  lever  to  engage  the  drive  pinion 
with  thef  flywheel  ring  gear,  Qosihg  the  starting 
motor  switch  energizes  the  startirxg  motor,  ^ 
which  cranks  the  engine.  When  the  engine  starts, 
the  pinion  and  the  pinion  ^ide  spin  out  of  mesh 
with  the  ring  gear  and  lock  in  the  disengaged 
position,  Tlie  starting  motor  continues  to  rotate 
as  long  as  the  starting  switch  is  operated , 
However,  the  pinion  cannot  "engage  the  ring^gear 
until  the  starting  motor  is  stopped  and  the  shift 
lever  is  allowed  to  return  to  its  original  position. 

Four  stages  of  operation  of  the  Dyer  shift 
drive  are /shown  in  figure  7-5:  In  A,  the 
mechanisyi  is  in  the  disengaged  position.  In  B; 
the  starting  switch  has  been  operated  and  the 
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solenoid  is  pulling  its  plunger  in  and  beginning 
td  move  thfe  pinion  toward  the  ring  gear.  In  C, 
the  pinion  has  fully  meshed  with  the  ring  gear, 
but  the  motor  shaft  has  not  turned  far  enough 
to  njtum  the  shift  sleeve;  In  D,  the  motor  shaft 
has'  returned  the  shift  sleeve  to  its  original  . 
position  and  is  starting  the  engine. 

SPRAG  OVERRUNNING  CLUTCH 
DRIVE.  -Another  type  of  drive  mechanism  used 
by  the  Navy  is  the  Sprag  overrunning  plutch. 
Th\^  type  drive  is  similar  to  the  Dyer  drive  in 
that  the  pinion  is  engaged  by  the  action  of^  a 
lever  attached  to  the  solenoid  plunger.  Once 
engaged,  the  pinion  will  ^y  in  mesh  with  the 
flywheel  ring  g^ar  until  the  cngi'ne  is  started  or 
the  solenoid  switch  is  ^disengaged.  Toj2rotect  the 
starter  armatunr  from  excessive  sp<^ds^^en  the 
engine  starts,  the  clutch  "pverruns'*  or  turns 
faster  than  the  armature,  which  permits  the 
starter  pinjon  to  disengage  itself  from  the 
flywheel  ring  gear  ^ 

The  splenoid  plunger  and  shift  lever,  unlike 
the  Dyer  drive,  ire  completely  enclosed  in  a 
housing  to  protect  them  from  water,  dirt,  and 
other  fpreign  matter.  An  oil  seal,  installed 
between  the  shaft  and  lever  housing  and  a 
linkage  seal  around  the  solenoid  plunger  prevent 
transmission  oil  from  entering  the  starter  frame 
or  solenoid  T^ase.  The  nose  hou|)ng  of  the  drive 
mechanism  can  be  rotated  to  obtain  a  number  of  ^ 
solenoid  positions  with  respect  to  the  mounting 
flange. 

■» 

Generators  and  Controls 


A  generator  provides  the  electrical  current  to 
maintain  the  storage  battery  in  a  charged 
condition.  The  design  of  a  battery-<: ha rgi ng 
generator  depends  on  many  factors:  maximum 
electrical  load,  dtitsign  of  the  charging  circuit, 
type  of  service,  ratio  of  engine  idling  time  to 
' running  time,  type  of  drive,  and  drive  ratio 
(engine  rpm  to  generator  rpm).  f 

To  maintain  the  battery  in  a  fully  charged 
condition,  the  discharge  current  must  be 
balanced  by  a  charging  current  from  an  external 
source,  such  as  a  battery -charging  generator.  If 


the  discharge  current  is  greater  than  the  charging 
current  for  an  appreciable  period,  the  battery 
*ill  gradually  Ic^e  its  charge  and  will  n&<|i>e  able 
to  supply  the  necessary  current  to  the  eJBWrical 
system. 

Battery-charing  generators  sometimes  tre  ^ 
flange-mounted  on  the  rear  of  the  engine  and 
driven  from  the  timing  gear  train,  but  usually 
they  are  cradle-mounted  on  the  side  of  the 
engine  apd  driven  by  a  V-belt  from  the 
crankshaft  pidley.  These'  generators,  are  rated 
according  to  the  particular  application  and  are 
designed  for  clockwise  or  coun terclock 
rotation.  They  are  supplied  for^use  with  either  6^ 
or  24-volt  systems.  Battery-charging  generators 
used  with  the  electrical  systems  in  small  craft  are 
usually  dc.  generators  similar  to  the  one  shown 
in  figure  7-6.  An  ax,  generator  (alternator)  is 
installed  on  some  engines  because  it  produces  a 
constant  output  over  a  speed  range  that  varies 
from  idle  to  top  enmne  speed.  A  voltage 
regulator  controls  the^utput  '  voltage  of 
the  alternator  and  prevents  overcharging  the 
battery.  An  ac.  generator  is  equipped  with  a 
rectifier  which  functions  to  convert  ax.  current 
to  d.c,  current.  A  current-limiting  device 
associated  with  the  regulator  is  provided  which 
protects  the  alternator  and  rectifier  An 
alternator-equipped,  battery -charging  system  is 
shown  in  figure  7*7. 

A  d.c.  battery.-charging  generator  system  also 
uses  a  control  ' to  regulate  the  output  of  the 
generator.  The  type  of  control  used  is 
determined  by  the  design  of  the  ^nerator. 
Although  such  controls  may  control  both 
current  ana  voltage,  they  are  commonly  called 
voltage  regulators.  Voltage  regulators  differ 
considerably  in  design,  but  they  all  serve 
essentially  the  same  functions.  When  a  dc. 
generator  is  operating  and  the  electrical  load  is 
heavy,  the  output  of  the  generator  is  connected 
through  the  voltage  regulator  to  the  battery ;  but 
when  the  electrical  load  is  light  or  when  there  is 
no  load  and  the  battery  is  fully  charged,  the 
voltage  regulator  operatesrto  prevent  the  output 
of  the  generator  from  reaching  the  battery. 

The  voltage  regulator  also  protects  the 
component^  of  the  battery -charging  system.  It 
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protects  the  battery  by  preventing  overcharging 
and  by  preventing^  current  from  flowing  from 
the  battery  to  the  dc.  generator  when  the 
^Iterator  output  voltage,  which  is  determined 
by  the  speed  of  the  engine,  is  less  than  the 
voltagi  of  the  battery*  The  voltage  regulator 
protects  the  generator  by  preventing  the  output 
from  exceeding  the  design  limits  of  the 
generator 


Generator  Maintenance 

Proper  maintanapce  is  important  in  ensuring 
long  and  satisfactory  service  of  generators.  The 
most  important  factor  in  maintenance  is  to  keep 
the  equipment  clean  and  free  of  oil,  water,  dirt 
and  other  foreign  particles.  It  is  also  important  i 
to  keep  the  insulation  clean/  Dust  and  dirt  tend 
to  block  the  ventilation  passage  and  increase 
resistance  to  the  dissipation  of  heat,  thus, 
causing  local  or  general  overheating.  If  the 
particles  are  Conducting  or  form  a  conducting 
paste,  the  windings  may  be  eventually  grounded 
or  short  circuited,  ^ 

The  four  miethods  of  cleaning  generators  are 
wiping,  compressed  air,  suction,  and  solvent.  In 
using  compressed  air,  remember  it  should  always 
be  clean  and  free  of  moisture; 

You  sHouid  avoid  using  solvent  for  cleaning 
electrical  equipment  whenever  passible; 
however,  you  may  find  it  necessary  to  use 
solvent  at  times  to  remove  gummy  or  greasy 
substances.  NEVER  use  solvents  containing 
gasoline  or  benzine  under  any  circumstances. 
Alcohol  will  injure  most  types  of  insulatirig 
varliis^es.  Inhibited  methyl  .  chloroform 
(tricfilbroethylene)  is  one  of  the  principal 
approved  solvents  for  cleaning  electrical 
equipment,  although  it  should  be  noted 
'trichloroethyiene  is  authorized  for  use  aboard 
tenders  only.  \' 

Improper  lubrication  procedures  are  a 
frt;quent  cause  of  generator  failures.  Excess 
ijrease  or  oils  can  be  forced  through  tlie  bearing 
housing  seals  and  ihto  the  commutators, 
eventually  resulting  in  grounds  or  short  circuits. 
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END  VIEW  SIDE  VIEW 

Figure  7-fi.-M«thod  of  SAmfing  bnithts; 

The  excessive  quantity  and  pressure  of  the 
gre^e  in  the  bearing  housing  results  in  churning, 
high  temperatures,  and  rapfd  deterioration  of 
the  grease  and  bearings. 

The  brushes  used  in  generators  are  one  6t 
more  plates  of  carbon,  bearing  against  a 
commutator,  to  provide  a  passage  of  electrical 
current  to  an  extemaJ  circuit.  (The  brushes  are 
held  in  place  by  brush  holders  mounted  on  studs 
or  brackets  attached  to  the  briish  mounting  ring. 
Check  the  brushes  frequently  to  be  sure  they  arc 
in  good  condition  and  free  to  move  in  their 
holder.  The  -brushes  should  move  smoothly 
without  vibration.  If  the  brushes  do  not  slide 
smoothly  on  the  commutator,  .the  current 
output  will  become  erratic.  The  brushes  should 
be  renewed  when  they  are  worn  to  half  of  their 
original  length.  You  6an  seat  tile  brushes  against 
the  commutator  by  accurately  inserting  a  strip 
of  No.  00  Sandpaper,  approximately  the  width  of 
the  commutator  with  the  rough  side  up, 
between  the  commutator  and  the  bmshes  as 
shown  in  figure  7-8. 

With  the  sandpaper  held  firmly  against  the 
commutator  and  the  brushes  held  in  place  by 
normal  spring  tension,  pull  the  japdpaper  in  the 
direction  of  normal  rotation  of  me  commutator. 
When  returning  the  sandpaper  for  another  pull, 
you  must  lift  the  brushes.  The  brushes  should  be 
tlnished  with  a  fmer  grade  of  sandpaper  and  all 
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diJsl  particles  should  be  removed  after  the 
sanding. 

After  being  used  for  approximately  2  weeks, 
the  commutator  should  develop  a  uniform 
glazed  dark  brov^m  color  on  the  places  where  the 
brushes  ride.  If  a  nonuniform  or  bluish  color 
appears,  improper  commutation  conditions  are 
indicated.  Periodic  inspections  and  proper 
cleaning  practices  will  keep  the  commutator's 
troubles  to  a  •  minimum.  One  of  the  most 
effective  ways  to  clean  a  commutator  is  to  apply 
a  canvas  wiper  while  the  commutator  is  beiiiig 
turned.  However,  small  generators  will  have  to 
be  disa^mbled  for  a  thorough  job.  When  the 
generator  .is  disassembled,  you  can  also  use  a 
toothbrush  to  clean  out  the  Slots.  If  -on 
inspection  you  note  that  the  commutator  is 
worn  or  grcKjved  excessively,  you  can  true  it  by 
tunung  it  on  a  lathe.  (See  fig.  7-9.) 


HYDRAUUC  STARTING  SYSTEMS 


There  are  seversd  types  of  hydraulic  starting 
systems  in  use.  In  most  installations,  the  system 

<^  136i 
Rir  '-^^  - 


consists  of  a  hydraulic  starting  motor,  a  piston 
type  accumulator,  a  manually  operated 
hudraulic  pump,  an  engine-driven  hydraulic 
pump,  and  a  reservoir  for  the  hydraulic  fluid. 
One  type  of^  hydraulic  starting  system 
(Aeroproducts,  GM),  is  illustrated  in  figure  7-10. 

Hydraulic  pressure  is  obtained  in  the 
accumulatop  by  the  manually,  operated  hand 
pump  or  from  the  engine-driven  pump  when  the 
engine  is  operating. 

When  the  starting  lever  is  operated,  the 
control  valve  allows  hydraulic  oir  (under 
pressure)  from  tlie  accumulator  to  pass  through 
the  hydraulic  starting  motor,  thereby  cranking 
the  engine.  When  the  starting  lever  is  released, 
spring  action  disengages  the  starting  pinion  and 
closes  the  control  valve,  stopping  tlie  flow  of 
hydraulic  oil  from  the  accumulator.  The  starter 
is  protected  from  the  high  speeds  of  the  engine 
by  the  action  of  an  overrunning  clutch. 

.  The  hydraulic  starting  system  is  being  used 
on  some  smaller  diesel  engines.  This  system  can 
be  applied  to  most  engines  now  'in  service 
without  modification  other  than  the  clutch  and 
pinion  assembly,  vvhich  must  be  changed  when 
converting  from  a  left-hand  to  a  right-hand 
rotation. 

AJR  STARTING  SYSTEMS, 

Most  modem  large  diesel  engines  are  started 
by  admitting  compressed  air  into  the  engrie 
cylinders  at  a  pressure  capable  of  turning  over 
the  engine.  The/process  is  continued  until  the 
pistons  have  built  up  sufficient  compression  heat 
td  cause  combustion.  The  pr^sure  used  in  air 
starting  systems  ranges  from  250  to  600  psi. 

Some  larger  engines  and  several  smaller^ 
engines  are  provided  with  starting  motors  driven 
by  air.  These  motors  are  similar  to  those  used  to 
drive  such  equipment  as  large  pneumatic  drills 
and  engine  jacking  motors.  Air  starting  motors 
are  usually  driven  by  air  pressures  varying  from 
90  to  200  psi. 

Follow  the  numbered  parts  in  the  ^ploded 
view  of  an  air  starting  motor  in  figure  1§|l  as  we 
tontinue  the  discussion. 
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Starting  air  entere  througii  piping  intp  the 
top  of  the  housing  (1),  flowing  into  the  top  of 
the  cylindfjr  (2).  The  bore  of  the  cylinder  is 
egg-shaped.  Inside  the  cylinder  is  a  sJotted 
rotating  member  (3)  in  which  springloaded  vanes 
(4)  ride  in  slots  and  maintain  contact  with  the 
bore  of  the  cylinder.  The  pressure  of  thr  starting 
air  apinst  the  vanes  forces  the  rotating  member 
to  turn  approximately  halfway  around  the  core 
of  the  cylinder  where  exhaust  ports  allow  the  air 
to  escape  to  the  atmosphere.  The  rotating 
member  is  connected  by  a  shaft  and  reduction 
gear  to  ^  Bendix  drive  which  engages  the 
flywheel  ring  gear  and  rotates  the  engine. 


Source  of  Starting  Air 


Starting  ajr  comes  (^frectiy  from  the  ship's 
jnediuni-  or  -high-pressure  air  service  line  or  from 
'starting  air  flasks'  ^hich  are  included  in  some 
systems  for  the  purpose  of  storing  starting  air. 
From  either  source,  the  air,  'on  its  way  to  the 
engine,  must  pass  through  a  pressure-reducing 
Vj^lve  which  reduces  the  higher  pressure  to  the 
operating  pressure  required  to  start  a  particular 
engine.  A  relief  valve  is  installed  in  the  line 
between  the  reducin^^lve  and  the  engine- 

The  relief  valve  is  normally  set  to  open  at 
12%  above  the  required  starting  air  pressure.  If 
the  air  pressure  leaving  the  reducing  valve  is  too 
high,  the  relief  valve  will,  protect  the  engine  by 
/  ■  releasing  air  in  excess  of  a  pre-set  value  and 
permit  air  only  at  safe  pressure  to  reach  the 
cylinders.  , 

w  One  type  of  pressure-reducing  valve  is  the 
regulator  shown  in  figure  7-12,  in  which 
compressed  air,  sealed  in  a  "dome,  furnishes  the 
regulating  pressure  that  actuates  the  valve.  The 
compressed  air  in  the  dome  performs  the  same 
function  as  a  spring  used  in  a  more  common 
type  of  regulating  valve. 

The  dome  is  tightly  secured  to  the  valve 
bod%)  which  is  separated  into  an  upper 
(low-pressure  outlet)  and  a  lower  (high-pressure 
inlet)  chamber  by  the  main  valve.  At  the  top  of 
the   valve   stem   is  another  chamber  which 
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contains  a  rubber  diaphragm,  and  a '  metal 
diaphragm  plate.  This  chamber  has*  an  opening 
leading  to  the  low-pressure  outlet  chamber. 
When  the  outlef  pressure  drops  below  the 
pressure  in  tjje  dome,  air  in  the  dome  forces  the 
diaphragm  and  the  diaphragm  plate  down  on  the 
valve  stem.  This  partially  opens  the  valve  and 
,  permits  high-prfessure  air  to  pass  the  valve  seat 
intoJhe  Tow-pressure  outlet  and  into  the  space 
under  the  diaphragm.  As  soon  as  the  pressure 
under  the  diaphragm  is  equal  to, that  in  the 
dome,  the  diapliragm  returns  to  its  normal 
position,  and -the  valve  is  forced  shut  by  the 
high-pressure  air  acting  on  the  valve  head. 

During  the  starting  cycle,  ^  regulator  valve 
continuously  ^nd  rapidly  adjusts  for  changes  in 
air  pressure  by  partially  opening  and  partially 
closing  to  maintain  a  safe,  constant  starting 
pressure.  When  the  engifie  starts  and  there  is  no 
longer  a  demand  for  air,  pressure  builds  up  in  a 
low-pressure  chamber  to  equal' the  pressure  in 
the  ^ome,  and  the  valve  closes  completely. 

"High-pressure  air  entering  the  valve,  body  is 
Viltered  through  a  screen  to  prevent  the  entrance 
of  any  particle  of  dirt  which  would  prevent  the 
valve  from  seating  properly.  The  screen  is  held  in 
position  around  the  space  under  the  valve  head 
by  the  threaded  valve  seat  bushing.  This  screen 
should  be  removed  and  cleaned  periodisally  to 
ensure  an  unrestricted  flow  of  air.  If  particles  of 
dirt  are  permitted  to  accumulate  in  the  screen, 
the  resultant  buildup  of  high  air  pressure  may 
tear  the  screen  from  its  position  jjnd  force  it  into 
the  working  parts,  causing  damage  to  the  valve 
seat.  V  ^ 

Air  for  the  original  charging  of  the  dome  is 
obtained  from  the  high-pressure  chamber  of  the 
valve  body  by  maiiually  opening  two  needle 
valves.  As  soon  as  the  desired- pressure  (as 
indicated  by  the  gage  on  the  discharge  side  of 
the  regulator)  is  reached,  the  needle  valves  must 
be  closed.  The  dome  will  then  regulate  and 
maintain  the  discharge  of  air  at  that  pressure. 

Starting  Mechanism 

Basically,  all  air  starting  systems  operate 
similarly  and  contain  the  same  elements.  If  you 
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•  have  ^-thorough  knpwiedg^  of  the  mechanism  of 
one  air  starting  system,  you  should  be  able  to 

,  understand  the  pririciples  of  operation  of  other 
air  starting  systeiJJI^  used  by  the  Navy.  This 
section  describes  the  system  used  on  the  General 
^  Motors  engines.  -f 

The  engine  air  starting  system  used  on  GM 
enipnes  (fig.  7-13)  is  known  as  the  separate 
distributor  type  beidause  the  starting  air 
distributor  valve  (tig.  7-14)  is  a  separate  unit  for 
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each  cylinder,  Each  ^distributor  valve  is 
individu^ly  operated  by  its  cam  on  the 
camshaft.  Of  the  16  cylinders,  8  are  air  started, 
6  in  one  bank  and  2  in  the  other,  but  all  of  the 
cylinder  heads  in  both  banks  are  equipped  with 
afi  air  starting  check  valve  So  as  to  maintain  full 
*  terchangeability.  On  the  dylinders  that  are  not 
air  started,  the  inlet  opening  of  the  check  valve 
is  sealed  with  a  removable  plug. 

Air  is  supplied  t6  the  air  starting  control 
^^^^^v^lve  (fig.  7-13)  from  the  air  supply  Une.  When 
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Figuft  7*14.-St«rtinB  air  distributor  valvt,  GM. 


the  air  starting  control  valvtf  is  opened  by  a  hand 

lever,  .air  is  admitted  to  the  starting  air  manifold 

(a  steei  pipe  extending  the  full  length  of  the  top 

deck  of  the  engine  and  located  below  the 

exhaust  manifold).  The  starting  air  manifold  is 

connected  by  air  lines  to  each  of  the  starting  air 

distributor  valves.  The  distributor  valves  are 

opened  in  engine  cylinder  firing  order  by  their 

cam§  on  the  camshafts,  admitting  air  into  the 

lines  that  connect  each  distributor  valve  to  its  air 

starting  check  valve  (fig-   7-15).  *  When  the 

distributor  valve'admits  air  into  the  lines  leading 

to  the  air  starting  check  valve,  the  pressure 

opens  the  check  valve,  thereby  admitting  air  into 

the  combustion  chamber.  \ 

* 

The  air  pressure  moves  the  pistons  and  turns 
the    crankshaft    until  ,  there    is  sufficient 


compression  '  for  combustion.  Combustion 
pressure  and  exhaust  ^es  are  kept  from 
backing  into  |he  air  starting  system  by  the  check 
valves.  As  soon  as  the\  engine  is  firing,  the  hand 
lever  is  released,  and  spring  p^ressure  closes  the 
air  starting  control  valve.  This  shuts  off  the 
supply  of  starting  air  to  the  engine. 

The  air  starting  control  v^ve  is!  mounted  oif*^ 
a  bracket  bolted  to  the  camshaft  drive  cover-  * 
near  the  hand  control  lever.  It  is  a  poppet  lype 
valve,  opened  manually  by  a  lever  and  Closed  by 
a  spring^^^A^iug  in  the  valve  body  holds  the 
spring  against  the^  valve  head.  The  valve  stem 
guide  is  a  bronze  bushing  pressed  into  the  6ody. 
A  spring  and  head,  placed  over  the  valve  stem 
where  it  projects  from  the  body,  returns  the 
hand  lever  to  the  valve*s  closed  position.  The 
hand  lever  and  the  operating  lever  stop  are 
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keyed  to  a  shaft  in  the  bracket,  h  safety  device 
prevents  opening  tfie  air  starting  control  valve 
while  the  engine  jacking  gear  is  engaged. 

STARTING  AIR  DISTRIBUTOR 
VALVES. -Each  of  the  eight  cylinders,  which 
are  air  started,  is  equipped  with  a  starting  air 
4istribulor  valve  (fig,  7-14).  The  starting  air 
distributor  valves  (timing  valves)  are  of  the 
poppet  type,  with  forged  steel  bodies  that  bolt 
to  the  camshaft  intermediate  covers.  The  valve  is 
held  closed  b^spring  pressure  that  bears  against 
the  top  of  the  valve  and  is  guided  in  the  hollow 
end  of  the  cam  follower  which  rides  on  the 
camshaft  air  starting  cam.  The  cam  follower  is 
guided  in  a  bronze  bushing  pressed  into  the  valve 
body.  A  lock  pin  keeps  the  cam  follower  in  the 
body. 


When  cam  action  opens!  the  valve,  starting  air 
passes  from  the  air  manifolu  through  a  chamber 
in  the  valve  body  above  the  valve  head  into  a 
line  leading  to  the,  air  starting  check  valve  in  the 
cylinder  head.  The  cam  action  opens  the  valve  in 
the  proper  valve  sequence.  The  canj  follower  is 
lubricated  by  oil  splashed  by  the  cam  from  the 
cam  pocket. 

AIR  STARTING  CHECK  VALVES.-The  air 
starting  check  valve  shown  in  figure  7-15.  is  a 
poppet  typ?  valve  located  in  the  cylinder  head. 
The  valve  body  fits  into  a  recess  in  the  cylinder 
and  IS  fieid^^in  place  by  a  capnut  that  screws  into 
the  cylinder  head  find  bears  on  top  of  the  valve 
body.  The  valve  body  contains  the  valve  seats 
and  serves  as  a  valve  guide.  Air  is  prevented  from 
leaking  to  the  outside  of  the  valve  body  by  a 
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synthetic  rubber  seal  ring  located  above  the  inlet 
port.  The  valve  is  closed  by  a  spring  surrounding 
an  upper  portion  of  the  valve  stem.  This  spring 
fits  into  a  recess  in  the  valve  body  and  exerts 
pressure  on  the  spring  seat,  wluch  is  locked  to 
the  jValve  stem  by* two  half-round  pieces  (valve 
locks)  fitted  into  a  groove  on  the  valve  stem.  The 
valve  opens  into  a  small  chamber  (in  the'cylinder 
head)  with-a  short,  open  passage  to  the  cylinder 

When  the  starting  air  distributor  vadve  admits 
air  into  the  line  leading-'to  the  air  starting  check 
valve,  the  air  passes  into  a  chamber  above  the 
valve  seat.  The  pressure  of  this  air  opens^  the 
check  valve  and  allows  the  air  to  pass  into  Ihe 
cylinder  and  move  the  piston.  When  the  air 
distributot  valve  closes,  ihe  pressure  in  the  valve 
^chamber  drops,  and  spring  tension  closes  the  air 
starting  check  valve. 

When  combustion  ocpurs,  the  air  starting 
check  valve  remains  closed  because  the  pressure 
in  the  combustion  chamber  is  greater  than  the 
pjessure  ^of  the  starting  air  that  actuates  the 
check  valve.  This  prevents  exhaust  gases  and 
combuslion  pressures  from  backing  into  the  air 
starting  system.  \ 


IGNITION  AIDS 

Ignition  in  a  diesel  engine  is  accomplished  by  • 
a  combination  of  fuel  injection  and 
compression.  Diesel  engines  normally  require  ^ 
longer  cranking  [x:riod  than  gasoline  engines, 
and  at  low  ambient  tcmperatui||^5,  they  are  more 
difficult  to  start  because  the  heat  .  of 
compression  may  not  be  suftlc^ient  to  ignite  the 
fuel-air  mixture.  Therefore,  at  low  temperatures 
it  is  necessary  to  preheat  the  engine  by  means  of 
an  electric  air  heater  or  to  furnish  an  auxiliary 
low  ignition-temperature  fuel  during  the  starting 
{xrriod  by  means  of  a  pressure-primer  system. 
The  tyix^s  of  air  heaters  and  primers  used  for 
starting  diesel  engines  inchuie  the  (1)  grid 
resistor.  (2)  tlame  primer,  and  (3)  ether  primer. 

GRID  RESISTOR 

The  grid  resistor  usually  consists  of  a 
I200watt  resistance  grid  mounted  on  a  frame 


and  supported  by  insulating  blocks  in  the  engine 
air-intake  manifold.  The  ^id  is  preheated  by 
current  from  the  starting  battery,  before  the 
engine  is  cranked,  and  is  operated  during  the 
cranking  period  until  the  engine  is  running 
smoothly. 

ETHER  PRIMERS 

♦ 

The  ihost  widely  used  cold  weather  starting 
aid  is  the  ether  capsule  or  the  pressurized 
cylinder  type.  Both  inject  a  highly  ^rotStiie  fluid 
into  the  air-intake  system  to  assist  ignition  of 
the  fuel/  , 

An  ether  capsule  primer  (%  7-16),  consists 
of  a  (1)  discharger  cell,  (2)  discharger  nozzle, 
and  ^3)  pressure  primer  bulb  thai  contains  a 
liquid  ether  mixture.  The  discharger  cell  and  the 
discharger  nozzle  are  connected  together  by  ,a 
suitable  length  of  3/16-inch  tubing.  The 
discharger  cell  is  a  metal  enclosure  containing  a 
piercing  pin  and  provided  with  a  removable  cap 
for  inserting,  the  pressure  primer  (capsltle)  bulb. 
The  cap  is  equipped  with  a  disichJIger  lever. 
>yhen  the  lever  is  operated,  it  forces  the  capsule 
bulb  against  the  piercing  pin. 

The  discharging  cell  is  installed  at  the 
control  station  in  a  vertical  position  so  that  the 
neck  of  the  capsule  buR)  is  always  down  toward 
the  piercing  pin/  The  discharger  nozzle  is 
installed  through  a  1  /4-inch  pipe  connection  at 
the  forward  end  of  the  intake  manifold. 

When  using  the  ether  capsule  primer  for  cold 
weather  starting,  press  the  engine  starter  switch. 
As  soon  as  the  starting  motor  brings  the  engine 
up  to  cranking  speed,  operate  the  discharger 
lever -to  discharge  the  capsule  bulb.  Continue 
cranking  while  the  ether  mixture  is  being  sucked 
rapidly  through  the  connecting  tube  to  the 
intake  manifold.  The  capsule  bulb  requires 
approximately  1  5  seconds  to  discharge,  and  the 
diesel  eiigine  should  start  diiring  this  interval 

The  pressurized  cylinder  starting  aid  is  being 
installed  on  many  installations.  It  is  usually 
located  in  t^c  engine  compartment  and  is 
operated  by  a  remote  cable  from  the  control 
station  or  starting  compartment. 

The'  assembly  consists  ^df  a  metering  valve 
with  a  valve  lever  and  a  pusher  pin  built  into  the 
valve  body.  The  replaceable  pressurized  cylinder, 
^ipproximatcly    4    inches  ^  in    diameter  •  and 
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approwmately  9  inches  in  height,  is  screwed 
onto  the  valve  body.  Due. to  the  large  capacity 
of  the  cj^inder,  it  does  not  need  to  be  replaced 
after  each  u&e,  as  does  the  capsule-type  starting 
aid. 

To  operate  the  starting  aid,  press  the  engine 
starter  button.  Then,  pull  up  on  the  remote 
control  knob  (quick  start  choke)  for  1  to  2 
seconds^  then,  release  it.  The  jftocedure  may  b6 
repeated  if  the  engine  do|5lv.  not  start 
immediately.  (To  prevent  unnecess^'  discharge 
of  the  cylinder  and  erratic  enoifTe  operation,  . 
ensure  that  the  choke  knob  is  j/the  off  position ' 
after  eaciruse..) 

FLAME  PRIMER 

The  flame  primer  (fig.  7-17)  is  a  widely  used 
type  of  air  heater  for  preheating  diesel  engijies 
for  starting  at  low  temperatures.  It  is  essentially 
a  Small,  pressure  oil  burner  with  electric  ignition. 
The  oil  is  sprayed  into  the  engine  air-intake 
manifold  with  a  manually  operated  pump  and 
ignited  by  means  of  a  spark  plug,  ignition  coil, 
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and  vibrator^  The  device  consists,  of  two 
assemblies.  The  heater  unit  contains  the  burner, 
ignition  coil,  and  vibrator.  The  other  unit  is 
comprised  of  the  pressure  pump  and  ignition 
switch.  The  principal  advantage  of  the  flame 
primer  is  that  it  imposes  a  negligible  load  on  the 
starting' battery.^ 

Flame  Primer  Heater 

The  heater  unit  consist  of  a  nozzle,  filter, 
ignition  electrodes,  and  ignition  coil  with 
vibrator.  One  side  of  the  heater  body  contains 
the  filter,  nozzle,  and  ignition  electrodes;  and 
the  other  side  contains  the  ignition  coil, 
terminals,  and  connection  for  the  fuel  supply. 
The  unit  is  designed  to  replace  one  of  the 
handhoie  cover  plates  nearest'  the  center  of  the 
engine  air  box.  The  entire  heater  unit  is  provided 
with  a  protective  metal  cover.  The  air  necessary 
for  combustiqp.  is  obtained  from  the  charging 
blower.  The  products  of  combustion,  inch^iiwe 
the  flame-heated  air,  are  discharged  into  the 
engine  cylinders  (with  practically  no  heat  loss), 
resultin^gr^  an  immediate  response  of  the  engine. 


Figur*  7-17.-I 


Pressure  Pump  and  Ignition  Switch 

The  pressure  pump  and  ignition  switch  (fig. 
7-1 7)  are  mounted  on  the  instrument  panel  near 
the  engine  starter  switch  so  that  both  the 
ignition. switch  and  the  en^ne  starter  switch  can 
be  depressed  simultaneously  with  one  hand, 
thereby  leaving  the  other  hand  free  to  operate 
the  pump.  The  pump  supplies  fuel  under 
^essure  to  the  heater  unit  where  the  charge  is 
filtered  before  reaching  the  nozzle.  The  suction 
side  of  the  pump  is  connected  either  directly  to 
the  main  fuel  tank  or  to  the  engine  supply  line 
between  the  main  tank  and  the.  engine 
transfer  pump.  When  the  pump  plunger  is  not  in 
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use,  it  is  held  in  the  IN  position  by  a  spring 
mechanism.  The  pump  plunger  is  designed  so 
that  a  pressure  of  approximately  10  psi  on  the 
knob  will  deliver  (from  the  nozzle)  a  finely 
atomized  fuel.  The  fuel  is  readily  ignited  by  the 
spark  at  the  electrodes  in  the  heater  unit.  The 
rate  of  travel  of  the  plunger  on  the  pumping 
stroke  is  determined  by  the  flow  of  oil  from  the 
discharge  nozzle  arid  normally  requires  3  or  4 
seconds  per  stroke. 

The  ignition  switch  is  connected  in  the  line 
between  the  starting  battery  and  one  terminal  of 
the  ignition  coil  in  the  heater  unit.  The  other 
terminal  (primary)  of  the  ignition  coil  is 
grounded  to  the  engine. 
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A  great  amount  of  heat  is  generated  within 
an  engine  during  operation.  Combustion 
produces  the  greatest  portion  of  this  heat; 
compression  of  gases  within  the  cylinders  and 
friction  between  moving  parts  add  to  the*  otal 
amount  of  heat  developed  within  an  engine. 
Since  the  temperature  of  combustion  alone  is 
about  twice  that  at  which  iron  melts,  it  is 
apparent  that,  without  some .  means  of 
dissipating  heat,  an  engine  would  operate  for 
only  a  yery  limited  time.  ^  . 

Of  the  total  heat  supplied  to  the  cylinder  of 
an  engine  by  the  burning  fuel,  only 
approximately  one-third  is  transformed  into 
useful  work;  an  equal  amount  is  lost  to  the 
exhaust  gases.  This  leaves  approximately  30%  to 
35%  of  the  heat  of  combustion  which  must  be 
removed  to  prevent  damage  to  engine  parts. 
Heat,  which  may  produce  harmful  results,  is 
transferred  from  the  .engine  through  the 
mediums  of  water,  lubricating  oil,  air,  and  fuel.. 
The  water  of  the  cooling  system  removes  the 
•  greater  portion  (approximately  one-fourth)  of 
the  heat  generated  by  combustion.  The  balance 
of  the  heat  (usually  less  than  10%  is  removed 
from  the  engine  by  the  lubricating  oil.  the  fuel, 
and  the  air. 

If  the  hfat  lost  through  cooling  could  be 
turned  into  work  by  an  engine,  the  output  of 
the  engine  would  be  almost  doubled.  However, 
the  loss  of  valuable  heat  is  necessary  in  order  for 
an  engine  to  operate.  Without  proper 
temperature  control,  the  lubricating  oil  film 
between  moving  parts  would  be  destroyed, 
proper  clearance  between  parts  could  not  be 
maintained,  and  metals  would  fail. 

,  o  -•■■"V  '      .  ^' 


MAINTAINING  ADEQUATE 
LUBRICATION 

The  need  for  maintaining  a  film '  of 
lubricating  oil  on  pistons,  cylindefr  walls,  and  the 
contacting  surfaces  of  otlier  moving  parts  of  an 
engine  is  dis>cussed  in  chapter  9  of  this  manual. 
The  oil  film  must  be  maintained  if  adequate 
lubrication  is  to  be  provided.  The  formation  of 
such  an  oil  film  depends,  to  a  large  degree,  on 
the  viscosity  of  the  oil  If  the  engine  Cooling 
system  did  not  keep  the  engine  temperature 
below  a  specified  level,  viscosity  would  be 
reduced  to  a  point  where  the  oil  film, might  be 
destroyed,  resulting  in  insufficient  lubrication, 
and  consequent  excessive  wear  of  parts.  Also, 
the  heat  absorbed  by  the  lubricating  oil  from  the 
combustion  process  and  from  friction  in 
bearings  must  be  removed  to  retard  oxidation  of 
the  oil  and  resulting  sludge  formiftion. 

Prevention  of  overheating  js  generally 
thought  of  as  the  primary  function  of  an  engine 
cooling  system;  however,  it  *  possible  that  a 
cooling  system  might  remove  too  much  heat.  If 
an  engine  is  operated  at  too  low  a  temperature, 
condensation  tpkes  place,  causing  acids  and 
sludge  to  form  in  the  lubricatii^  oil.  Also, 
cylinder  temperatures  must  be  maintained  high 
enough  to  minimize  the  condensation  of 
corrosive  gases  on  the  cylinder  walls.  Excessively 
low  operating  temperatures  will  increase  ignition 
lag,  which  causes  detonation.  Thus,  it  is  apparent 
that  the  cooling  system  of  an  engine  must 
maintain  the  operating  temperatures  within  a 
specified  range.  The  range  of  operating 
temperatures  for  a  given  engine  is  found  in  the 
applicable  manufacturer's  technical  manual. 
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PREVENTING  EXCESSIVE  VARUTION 
IN  DIMENSIONS 

In  addition  to  lubricating  oi!  troubles,  other 
difficulties?  may  occur  if  the  cooling  system  does 
not  maintain  operating  temperatures  within  a 
specified  range.  Great  differences  between 
operating  temperatures  at  varying  loads  cause, 
through  contraction  and  expansion,  excessive 
changes  in  the  dimensions  of  engine  parts. 
Excessive  changes  also  occur  when  there  are 
large  differences  between  the  cold  and  tlie 
^^pe rating  temperatures  of  the  parts.  These 
changes  in  dimensions  result  in  a  variation  in 
clearances  t)etween  the  moving  parts.  Under 
normal  operating  conditions,  these  clearances 
are  very  small;  any  vUriation  in  the  dimensions 
of  the  moving  parts  may  cause  insufficient 
clearances  and  subsequent  inadequate 
lubrication,  increased  friction,  and  possible 
seizure. 


RETAINING  THE  STRENGTH 
OF  METALS 

By  removing  heat  from  an  engine,  the 
cooling  system  helps  to  prevent  deterioration  of 
the  metal  in  the  engine  parts.  If  the  parts,  such 
as  liners,  pistons,  valves,  andj^  bearings  are 
allowed  to  overhciit,  the  tensile  sTV^ngth  will  be 
materially  reduced,  thereby  accelerating  wear 
and  increasing  the  probability  of  failure.  If 
overheating  is  sufficiently  severe,  the  affected 
part  will  melt. 

High  temperatures  change  the  strength  and 
physical  properties  of  the  various  metals  used  in 
an  engine.  For  example,  if  a  cylinder  head  is 
subject-ed  to  excessively  high  temperatures,  the 
tensile  strength  of  tlie  metal  is  reduced:  the 
probability  of  fracture  or  cracking  is  thereby 
increased.  Such  high  temperatures  also  cause 
excessive  expansion  of  the  metal,  which  may 
result  in  shearing  of  the  cylinder-head  bolts. 

'    TYPES  OF  COOLING  SYSTEMS 

In  a  marine  engine,  the  cooling  system  which 
functions  to  ktep  engine  parts  and  fluids  at  safe 


operating  temperatures  IViay  be  of  the  open  or 
closed  type.  In  the  open  system,  the  engme  is 
cooled  directly  by  saltwater.  In  the  closed 
system,  freshwater  (or  antifreeze)  is  circulated 
through  the.  engine.  The  freshwater  is  then 
^oled  by  saltwater.  In  marine  installations,  the 
closed  system  is  most  commonly  used;  however, 
some  older  marine  installations  use  an  open  type 
system. 

the  coohng  systems  of  diesel  ahd  gasoline 
engines  are  similar  both  mechanically  and  in  the 
function  performed,  .For  these  reasons,»much  of 
the  infonjiation  which  follows  is  applicable  to 
the  cooling  systems  of  both^types  of  engines. 


THE  OPEN  COOLING  SYSTEM 


The  term  '*open"  means  that  the  liquid 
(used  for  cooling  purposes  in  the  open  system)  is 
drawn  directly  from  the  water  in  which  the  boat 
or  ship  operates,  is  passed  through  tlie  system, 
and  is  then  discharged  overboard.  The  open 
system  is  sometirnes  called  the  *'raw*'  water 
system,  because  ^  the  water  is  untreated  and 
geqeraliy^  contains  contamination,  whether  the 
water  is  drawn  ^om  the  sea,  a  lake,  or  a  river. 
However,  since  the  m^ority  of  the  Navy's  boats 
and  ships  operate  in  seawater,  the  open-type 
cooling  system  is  generally  referred  to  as  the 
''sea water''  or  ''saltwater*'  system,  n^gardless  of 
tiie  system's  source  of  wat&r. 

,  In  ,  open  cooling  systems,  the  sequence  of 
parts  and  passages  through  which  the  water 
Hows  may  vary  slightly  between  engines.  In  a 
typical  open  system,  the  saltwater  is  drawn  from 
the  sea  through  a  sea  chest  dr  scoop,  through  sea 
valves,  a  strainer,  a  pump,  and  a  lube  oil  cooler. 
It  is  then  circulated  through*  the  engine  and 
discharged  overboard.  In  some  installatic^is  the 
strainer  is  located  in  the  pump  Llischar^ie  line. 

The  oil  (pooler  acts  as  a  heat  exchanger:  the 
heat  from  the  oil  circulating  througli  the  cooler 
is  transferred  to  the  water  passing  through  the 
cooler.  Thus,  the  tl*mperaturc  of  the  oil  is 
lowered  and  the  temperature  of  the  intake  water 
is  raised  before  the  water  passes  into  the  engine 
cooling  passages. 
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figun  8^1. -An  optn  cootiry  syst^. 
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From  the  cooler,  the  water  passes  through 
water  jackets  and  passages  within  the  engine, 
cooling  such  parts  as  the  cylinder  hners,  the' 
block,  and  the  head  or  heads.  After  cooHng  the 
various  parts  of  the  engine,  the  water  passes 
through  the  exhaust  silencer  water  jackets' and 
then  discharges  overboard.  In  some  engjncs, 
water  flows  through  the  exhaust  silencer  water 
jackets  before  it  flows  through  the  engine 
passages.  Thus,  the  heat  from  the  lubricatinc;  oil 
and  the  exhaust  gases  is  used  to  raise  the 
temperature  of  the  engine's  intake  water.  Tlie 
path  of  cooling  water  througfi  one  arrangement 
of  an  open  cooling  system  is  shown  in  figure  S-1 


The  open  cooling  system  has  several 
disadvantages,  the^most  important  being  the 
exposure  of  the  engine  to  scale  formation. 


marine  growth  and  dirt  deposits  in  the  piping, 
and  the  fluctuating  temperature  of  seawater. 
Scale  and  deposits  restrict  water  flow  in  the 
e.n^ine  water  passages  and  also  act  as  insulation 
which  hinders  heat  transfer  to  the '  cooling 
water.  Scale  and  deposits  therefore  prevent 
adequate  cooling  of  engine  parts,  which  may 
result  in  serious  difficulties. 


THE  CLOSED  COOLING  SYSTEM 


The  closed-type  cooling  system  .of  a  marine 
engine  actually  consists  of  two  entirely  separate 
circuits  (sometimes  called  systems)-a  freshwater 
(distilled)  circuit  and  a  saltwater  circuit.  The 
freshwater  circuit  is  a  selfHX)ntained  system, 
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similar  to  the  cooling  system  in  the  engine  of  an 
automobile.  One  of  the  primary  differences 
between^  the  freshwater  circuit  of  a  marine 
installation  and  that  of  an  automobile  is  that  the 
marine  in$tallati«i  incorporates  a  cooler  rather 
than  a  radiator.  Saltwater  carries  away  the  heat 
in  a  marine  cloi^  system  instead  of  aif  as  in  an 
automobile,  The  flow  of  liquid  througli  the  two 
circuits  of  one  type  of  closed  cooling  system  is 
illustrated  in  figure  8-2. 


On  5ome  engine-generator  units,-  the 
attached  saltwater  pump  furnisher  saltwater  to . 
the  generator  air  coolers  as  well  as  freshwater  ' 
coolers  and  returns  the  water  to  the  overboard 
discharge.  ThrottUng  valves  are  frequently 
placed  in  lines  to  the,  freshwater  cooler  and  the 
generator  air  coolers  to  control  the  flow  of 
water  thfou^  these  heat  exchangers. 


In  some   marine   installations-  a  ^parate  PRINCIPAL  PARTS  OF  A 

saltwater  circuit  is  not  included  in  the  closed  CLOSED  COOLING  SYSTEM 

cooling   system.    In    such    installatjions,    th&   ^  X 

freshwater  cooler  is  located*^  ou  the  outside  of  ^ 

the  hull,  well  below  the  waterline,  in  direct  The  closed  cooling  sy>tem  of  an  engi^np  may 

contact  with  the  seawater.  Such  a  hull-mounted  include  such  parts  as  pumps,  coolers,  ^^engine 

unit  is  called  a  keel  cooler.  passages,  water  manifolds,  valves,  ex^^ansion 

^  tank,    piping,    strainers,    connections,  and 

In  the  freshwater  cooling  circuit,  the  instruments.  Some  of  these  parts  and  their 
freshwater  is  a'u^  continuously  for  cooling  the  locations  on  one  type  of  engine  are  shown  in 
engine.  Tlie  ordf  of  the  parts  through  which  figure  8-3,  The  schematic  diagrams  in  figure  8-4 
water  flows  in  tjp  freshwater  circuit  of  a  closed*  and  8-5  show  the  parts  and  the  path  of  water 
cooling  system  is  not  always  the  same.  In  a  flow  in  tlie  freshwater  and  seawater  circuits  of 
majority  of  the  installations,  however,  the  water  one  arrang^ent  of  a  closed  codling  system- 
is  circulated  throughout  the  engine  cooling  Note  in  figure  8-4  that  two  puinps,  one  foe*  each 
spaces  by  an^  attached  circulating  freshwater  ^  bank  of  cylinders are  provided  and  that  the 
pump.  The  water  then*  flows  to  a  freshwater  lubricating  oil  cooler  is  located  in  the  freshwater 
cooler,  where  it  is  coolfed  by  the  saltwater  f  circuit, 
cooling  circuit.  After  it  leaver  the  cooler,  the  x 

freshwater  may  or  may  not,  depending  on  the  Even  though  there  are  many  types  and 

installation,  go  through  the  lubricating  oil  cooler  models  of  engines  used  by  the  Navy,  the  cooUng 

to  act  as  a  cooling  agent  for  the  lubricating  oil.  systems  of  most  engines  include  the  same  basic 

Tlie  water  finally  a^turns  to  the  suction  side  of.  parts-  Design  and  location  of  parts,  however, 

tlie  freshwater  pump,  completing  the  circuit.  ^  may  differ  considerably  from  one  engine  to 

another.  Ttie  following  discussion  points  out 

llie  saltwater  circuit  of  the  closed-type  some  similarities  and  differences  to  be  found  in 

cooling  system  consists  of  an  attached  saltwater  the  various  parts  of  a  closed  engine-cpoling 

pump  (usually  similar  to  the  frcsiwater  pump),  '  water  system, 
which  draws  saltwater  from  t]Tfe"^a  through  a 
sea  chest,  strainer,  and  sea  va|ves  and  discharges 

it   through   the  freshwater  cooler.  (In  some  PUMPS 
installations  an  additional  strainer  is  located  in 
the    pump  discharge,)   From    the  freshwater 

cooler,  the  ^awatcr  may  or  may  not,  depending  All  engine  coolirjg  systems  have  an  attached 

onvthc  installation,  pass  through  the  lubricating  freshwater  pump.  Some  installations  also  have  a 

oircooicr  l>cfore  it  is  discharged  overboard.  The  detached  auxiliary  pump, 
overboa^  discharge  performs  varying  functions, 

depending    on    the    individual    installation.  The  attached  pump  is  used  to  keep  the  water 

Normally,  it  is  u^ed  to  cool  the  engine  exhaust'  circulating  through  the  cooling  system.  Since 

piping  and  the  silencer.                                <  attached    pumps    are    engine-driven,    it  is 
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impossible  for  cooling  water  to  be  circulated  in 
the  engine  after  th^  engine  has  been  stopped  or 
in  Jthe  event  the  attached  pump  fails,  For  this 
reason,  some  engines  are  equipped  with  an 
electric-driven  (detached)  auxiliary  pump,  which 
may  be  used  if  either  the  freshwater  pump  or 
the  saltwater  pump  fails.  An  auxiliary  pump 
may  also  be  used  as  an  after-coohng  pump,  when 
an^engine  has  been  secured. 


\^   Differences  Between  Freshwater 
and  Saltwater  Pumps 

The  pumps  used  -  in  'the  freshwater  and 
saltwater  circuits  of  an  engine  cooling  system 
may,  or  may  not,  be  of  the  same  type.  la  some 
systems,  the  pumps  in  both  circuits  are  identical. 
In  other  systems,  where  pumps  are  of  the  same 
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type  but  where  variations  exist,  the  principal 
differences  between  the  pump's  of  the  two 
circuits  are  in  size"  and  capacity.  In  the  cooling 
system  of  some  engines,  the  saltwater  pump  has 
a  capi^'ify  almost  double  that'of  the  freshwater 


Types  of  Pumps 


Centrifugal  pumpS  ajid  gear  pumps  are  the 
principal  types  of  pumps  used  in  engine  cooling 
systems.  On  some  eiigines,  a  rotary  type  pump 
in  which  the  irapeller  has  flexike  vanes  is  used 
in  the  saltwater  circuit.  The  basic  principles  of 
operation  of  these  types  of  pumps' are  given  in' 
Fireman,  NAWEDTRAiOSlQ-E.  . 

Centrifugal'  pumps  are  more  common  in 
engine  c9oling  systems  than  pumps  of  other 
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types,  particularly  in  large  diesci  engines. 
Centrifugal  pumps  are  of  various  types.  They 
may  be  separately  driven  or  attached  to  the  ' 
engine,  single  or  douWe  suction,  open  or  closed 
impeller,  reversible  or  nonreversible,  etc.  In  all 
(xntrifugal  pumps,  however,  water  is  drawn  into 
'the  ccnter't^f  the  impeller,  and  thrown  at  high 
velocity  into  the  casii^  surrounding  the 
impeller,  where  th«Ljwlocity  decxeases  and 
pressure  increases  correspondingly.  - 

In  all  such  pumps,  seating  devices,  usually  of 
the  mechanical  seal  type,  are  provided  to 
prevent  leakage  of  water,  oil,  grease,  or  air 
around  the  impeller  shaft.  ^ 

Generally,  the  clearances  between  the 
impeller  and  the  c<{sing  must  be  small  to  reduce 
the  internal  leakage.  Wear  rings  are  frequently 
use^  between  the  impeller  and  the  casing  so  that 
the^ldbsired  small  clearances,  when  lost,  may  be 
regained  by  replacing  these  rings.  The  pngs  are  " 
designed  to  take  most  of  the  wear.  The  iK)utin€ 
maintenance  j  of  pumps  is  covered  in  chapter  15 
of  this  manual 


Fif^ar^  8-6«-PhMtofii  view  erf  «  rotiry  tvp«  sattwiter 

pump. 


belt-driven  by  the  crankshaft,  A  phantom  View 
of  the' saltwater  pump,  showing  the  impeller  and 
the  bearings,  is  shown  in  figure  8-6, 


Pump  Location  and  Method  of  Drive 


r  Depending  pn  the  engine-and  the  type  of 
installatiaa,  the  location  of  the  pumps  and  the 
method  of  drive  will  vary.  Note  that  in  the 
upper  diagram  of  figure  8-2  the  freshwater  pump 
is  mounted   on   the  bottom  of  the '  lower 

.  crankcase  at  the  supercharger  end  of  the  engine. 
The  pump  is  gear-driven  at  1  1/2  tin;i^  engine 
speed.  The  saltwater  pump  of  the  same  engine 
(lower  diagram  in  figure  8-2)  is  mounted  on  the 
supercharger  housing.  The  saltwater  pump  is 
driven  from  the  supercharger  drive  shaft  through 
a  coupling  shaft;  it  operates  at  crankshaft  speed. 

In  the  engine  shown  in  figure  8-3^,  the 
freshwater    pump   is  located   in   a  housing 
mounted    on    the    bottom    of    the  Water 
(expansion)  tank.  The  pump  is  pulley-drivej|f 
with  a  V-bnelt  by  the  crankshaft.  The  saltwatp^^ 
pump  ^not  st^own  in  fig.  8-3),  used  only  for  / 
exhaust  cooling  in  the  Gray  Marine  Six-D427,  is 
mounted  on  the  front  of  the  engine  and  is 


In  some  models  of  the  FM  opposed -piston 
engine,  the  freshwater  pump  and  the  saltwater 
pump  aiie  located  on  opposite  sides  of  the 
engine,  at  the  cpntrol  end.  The  pumps  of  the  FM 
erigine  are  driven  by  the  lower  crankshaft^ 
through  the  flexible-drive  coupling  which  also 
drives  the  fuel  and  lubricating  pumps, and  the 
governor.  In  the  GM  16-278A,  the 
cooUng-system  pumps  are  mounted  on  Opposite 
sides  of  tlie  blower  housing  and  are- driven  by 
the  crankshaft,  through  the  accessory-drive  gear 
trairujie  freshwater  pump  on  the  GM  6-71  is 
mountea*on  the  front  end  of  the  blower  and  is 
driven  by  the  lower  blower  rotor  shaft,  through' 
a  coupling.  The  examples  given  here  are  only  a 
few  of  many  which  could  be  given  to  illustrate 
the  variations  in  pump  location  and  method  of 
drive .^^egard less  of  location  and  drive,  the 
pumpi  keep  the  water  circulating  through  the 
system  to  dissipate  heat  and  to  keep^ -operating 
temperatures  witliin  safe  limits.  Most  of  the 
excess  heat  developed  by  an  engine  is  transferred 
from  the  freshwater  circuit  and  the  lubricating 
oil  to  the  saltwater  circuit,  through  coolers. 
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COOLERS  {HEAT  EXCHANGERS) 


Types  af  Coolers 


As  a  Fiireman,  you  learned  tiiat  devices 
which  transfer  heat  from  one  tJuid  to  aiiotti^r^ 
are  called  heat  exchan^rs;  also,  that  these 
devices  may  be  used  as  either  heaters  or  coolers 
and  that  tbJ  same  device,  cart /be  used  for  both 
purposes.  I internal-corn bustipn  engines,  heat 
exchange!^'* are "med  primarily  fpr  cooling.  For 
this  reason,  the  devices  used  in  engines  for 
tooUng  a  hot  fluid  (liquid  or  gas)  by  transferring 
heal  to  a  cooler  fluid  are  commonly  referred  to 
as  coolers. 


On  the  ba^s  Of  classification  by  con^^truction 
features,  a  coiiler  is  either  the  she) l-ahd- tube 
type  or  the  jet  type.  In  jet-type  cooler^^  th^  Uot 
.and, cold  fluids eijtef  tl^e  unit*  are  rtiixedt  aiKl  are 
then  discharged  4fs  a  single  fluid.  ^Since  this 
/eature  is  not  desirable  ill  engiije  coolings  ti^^ 
coolers  used  witlv  engines  are  '  of  the 
shell-and-tube  type.  Irf  a  shell'aitd-tube^:co6ler, 
the  hot  and  cold  fluids  are  prevented  from 
mixing  by  the  -thin  walls  of  the  tubes  of  the 
element. 


Fluids  Cooled 


Coolers  are  used  -in^  Navy  engines  principally 
to  cool  freshwater  and  lubricating  oil. 
.  Sometimes  coolers  are  used  to  reduce  the 
temperalures  o(  engine  intake -air  and  generator 
cooling  air  In  most  marine  engine  installations, 
the  freshwater  tn  the  engine  cooling  system  is 
cooled  by  saltwater.  Lubricating  oil  ands^ir  may 
be  cooled  by  saltwater  or  by  freshwater^ 
depending  on  tlie  installation'  Thus,  on  the  basis 
of  the  fluids  cooled,  you  will  encounter 
freshwater  coolers,  lubricating  oil  coolers,  and 
air  cx)oleni.  All  coolers  operate  on  the  same 
principle;  coolers  used  in  various  ins^tallations 
and  for  the  cooling  of  various  fluids  may  differ 
however  in  appearance  and  in  details  of  de^sign. 


Classification  (Ceneral)  oi  Coolers 


^^/The  sheii-and'tube  type  i^  a  geh^^'ral 
classification  which  uwiudes  all  coolers  jn;:which 
the  twq  liquids  are  prevented  from/niixiijg 
M^ifications  of  the  shell-and-tube  cooler  h'iiVe 
resulted  in  two  Other  types  of  ^coolers:  the 
strut-tube  cooler  and  the  plate^tube  cooler.' 
these  coolers  are  of  the  shell^d-tube  type  in 
tliat  the\  rtiiids  are  -preyeri^d  .  from  .niixing; 
however t  due  to  design  features^  the  coolei^  used 
;n  engines  are  commonly!^  identified  as  b(jlrig 
either  strut-type  tDr  plat^-^ ube  type,  - 

SHELL-AND-TtJBE  CG6L'ERS:-The 
codling  systems  of  many  engines  are  equipped 
with  coolers  of  Uie  shell-aftd-tube  type.  Coolers 
of'  tiiis  type /are  frequently  referred  to  as 
•  Ross*type  'coolers^  Shell-andrtube  coolers  are 
used  to  cp61  lubricating  oil  a;id  freshwater. 
Coolers  used  for  cooling  lubricating .  oil  ^re 
ssomewii^t  smaller  than  thpse  used  to  cool  water* 
Ope  model  of  a  shell-and-tube  cooler  is  shown  in 
rigur/8-7.  '  . 


'  '  '  . 

Xoo^  may  ^bg^^ssifigd  in  several  ways:  by 
the  relative  directi^S^      tlow  of  the  two  tluids 
(parallel    flow,    coUnterflow,  -and  crossflow 
types);  by  the  number  of  tinves  eithet  fluid/ 
passes  the  bfhef  fluid  (single-pass  and  multipass 
types);  by  the  path  of  heat  (indirect-contac^  cm- 
'surface;  type  and  direct-cx)ntact  type);  and  by 
^neraP  constructfon    features    of    the^  -unit 
•  (shell-and-tube  type  and  jet,  or  mixer,  ty^e).  The, 
,  coolers,  ui^ed  in  cooling  systems  of  engines  are 
<;orhmonly    identified    on    the/,  basis  of 
1  construction  features. 


The  shell-and-tube  cooler  consists  prinppally 
?f  a  bundle  (also  called  a  bank  or  nest)  of  tubes 
/  eocased  in  a  shell.  The  cpolirig  liquid  generally 
^  ,  flows  tlirough  the  tubes,  The  liq^uid  to  be  cooled 
'  enters  the  shell  at  one  end,  circulates  around  the  . 
tubes,  and  is  discharged  at  the  opposite  end  of 
the  shell.,  In  other -coolers  of  this  type  the 
'Coohng  liquid  flows  through   the  shell'  and 
af'ound  the. tubes;  the  liquid  to  be  cooled  passes 
through  the  tubes, 

Ttie^^tubes  of  the  cooler  are  attached  to  the 
tqbe  slieets  4t  each  end  of,  the  shell;  this, 
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directed  from  side  to  side  as  it  flows  arpuiid  the 
tubes  and  through  the  shell.  The  deflection  of 
the  liquid  ensures  the  maximum  cooling  effect. 
Several  of  tlie  baYfles-  serv^e  as  supports  for  the 
bank  of  tubes;  these  baffles  are  of  heavier 
construction  than  those  which  only  deflect  the 
liquid.  *  ' 

The  flov)  of  the  liqtJid  in^  the  tubes  is 

•  oppiSSttift^that  of  the  liquid  flow  ii\  the  shell-  On 
this  basis,  the  cooler  could  be  classified  as  the 

.  counteFflow  type.  Since  heat  trai^^er  is  through 
^e, walls  of  the  tubes,  the  cooling. Uqiiid  enters 
bne  end  t>f  the  cooler,  flows  dn-ectly  through  the 
tubes,  and  leaves  at  the  opposite  end;  however^ 
the  cooler  could  be  more  precisely  classified  as  a 
single-pass,  Indirect-type  cooler-  ^ 

STRUT-TUBE  COOLERS.  Tlie  majority  of 
the  coolers  used  in  the  cooling  systems  of 
marine  engines  are  the  strut-tube  type.  The 
strut-tube  cool0r  ,h^  >an  advantage  oyer  the 
shell-and-tube  cooler  in  that*-  it  provides 
considerable  heat  transfer  in  a  smaller  and  more 
cooipact  unit.  On  the  other  hand, '  the 
shell-and-tube  cooler,  while  larger  for  an 
equivalent  amount  of  hgat  transfjer,  has  an 


arrangement  forms  a  tube  bundle  which  can  be 
removed  as  a  unit  from  the  shell.  The  ends  of 
4hc  tubes  are  expanded  to  fit  tightly  into  the 
holes  in-  the  tube"  sheets;  they  are  flared  at  thetf^ 
outer  edges  to,  prevent  leakage. 

One  tube^shcet  and  a  bonnet  are  bolted  to 
the  tlange  of  the  shell  The  sh^et  is  referred  to  as- 
th^  stationary-end  tube  sheet.  The  tube  sheet  at 
the  opposite  end  "floats"  in  the  shell,  which 
allows ^fbr  expansion  of  the  tube  bjandle.  Packing 
rings,  which  prevent  leakage  past  the 
floating-end  tube  sheet,  ar,e  fitted  at  the  floating 
end  between  the  shell  flange  and  the  bonnet. 
The  packing  joint  aliOws  for  {expansion  and 
prevents  the  mixing  of  the  cooling  liquid  w^th 
liquid  to  be  cooled  inside  the  shell,  by  means  of 
a  leak-off,  or.  lantern,  gland  which  is  vented  to. 
the  atmosphere.  The  details  of  a  floating  end  of 
a  she iFrand- tube  cooler  are  shown  in  figure  8-8.  ' 


pta^  mm 


Transverse  baffles  are  arranged  around  the 
tube  |>undle  in  sWh  a  manner  that  the  liquid  is 
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advantage  over  the  simt-tube  cooler  in  that  it  is 
able  to  withstand  a  kigher  degree  Qf  scaling  and 
lai^er  foreign  |>articles  without  dogging  the 
cooling  system.  Strut-tube  coolers  are 
commonly  referred  to  a^  Hirrison-type  coolers; 
however,  manufacturers  other  than  Harrison 
produce  coolers  of  the  strut-tube  type.  The  term 
radiator  is  also  sometimes"  used  to  identify 
coolers  with  stYut-tube  construction. 

Tliere    ore    many    different  desi 
sftut;tube  cboiers.  The  tube  assehiblies  o 
these  coolers,  and  the  type  of  tube  construe 
in  eajph,  are  illustrated  in  figures  8-9  and  8 

Strut-tube  coolers  are  used  for  jcooling  water 
and  lubricating  oil  Water  coolers  and  oil  coolers 
.  differ,  principally  in  design  and  in  size  of  the 
tubes,  (See  fig.  8-9  and  8-10.)-Each  of  the  tubes 
in  both  oil  coolers  and  water  cooler  is  composed 
of  two  sections,  or  strips.  In  the  strut-tube  water 
cdoler  both  sectiisns  oj  each  tube  contain  either 
a  series  of  formed  dimples  or  cross  tubes  brazed 
into  the  tubes-  These  *'struts"  (sometimes 
referred  to  as  baffles)  increase  the  inside  and 
^  outside  contact  surfaces  of  each  tube  and  create 
.  turbulence  in  the  liquid  flowing  through  the 
tube;  thus,  the  heat  transfer  from  the  liquid 
being  cooled  to  the  cooling  liquid  is  increased. 
The  struts  also  increase  tlie  strucluml  strength  Of 
the  tube.  In  the  oil  cooler,  the  tubes  are  from 
one^halKto  one-third  as  large  as  ti)e  tubes  of 
water  coolers,  and  the  sections  of  the  tubes  do 
not  contain  either  dimples  or  cross  tubes. 
Instead,  a  distributor  strip,  whicli  serves  the 
same  purpose  as  tite  struts  in  the  tubes  of  the 
water  cooler,  is  enclosed  in  each  tube. 

The  tubes  of  a  strut-tube  cooler  are  fastened 
in  pbce  with  a  header  plate  at  each  end,  and  are 
further  secured  with  ah  intermediate 
rein'fbrcfcment  plate.  These  plates  are 
(jlectroplated  with  tin  to  protect  the  iron  parts 
of  the  cooler.   The  tube-and-plate  assembly 

•(sometimes  called  the  tube  bundle  or  the  core 
assembly)  is  mounteil  in  a  bronze  frame.  The 
frame  and  the  core  assembly  Tit  in  the  cast  metal 

jCSSing,  or  housiiig,  and  arc  held  in  plai^  by  the 
two'  end  covers.  Tbe  casing,  core  assembly, 
frame,  coveni,"and  other  parts  of  one  model  of  a 
strut-tube  ccK>W  are  shown  in  figure  8-11. 


■  ^•■■^:*'f:•r(,^:■:':■.,,'^^^^■^.^'M.; 


47.75 

FH}u^«  S^S.-Tub^  asitmbiy  of  a  ttrut-typa  wattr  cookr 
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F^ni  8-10.-Tub«  MMmbiy  of  a  strut-tube  iubrkating 
oil  cool^  (Harrison). 


The  header  plates,  at  the  ends  of  the  tubes, 
separate 'the  cooling-liquid  space  in  the  casing 
from  the  cooled-liquid  ports  in  the  end  covers. 
The'cdoled  liquid  flows  through  the  tubes- in  a 
straight  path. from  the  cover  inlet  port  to  the 
cover  discharge  port  at  the  opposite  end  of  *the 
cooler  The  intermediate  tube  plate  acts  as^a 
baffle  to  create  a  U-shaped  path  for  the  coolir^ 
liquid,  which  flows  yound  the  outside  of  the 
tubes  from  the  inlet  opening  of  the  casing  to  the 
discharge  opening, 

PLATETUBE  COOLERS.-Shell-and-tube 
coolers  and  strut-tube  coolers  are  used  for 
.cooling  both  oil  and  water,  usually  witli 
sea  water  as  a  c^lant;  plate-tube-  coolers, 
however,  are  used  onjy'for  cooling  oil.  Sea  water 
or  freshwater  may  be  us&d  as  thf  cooUng  liquid 
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Figure  8-11. -Parts  of  a  ttrut-tube  cooler  (Harri«on)« 


in  plate-tube  coolers,  depending  on  the 
installation.  An  exploded  view  of  one  model  of  a 
Harrison  plate-tube  CQoler  is  shown  in  figure 
8-12. 

A  plate-tubc  coojer  consists  of  u  stack  of 
flat,  oblong,  plate-type  tubes  which'  are 
connected  in  parallel  with  tJie  oil  supply  and 
enclosed  in  a  cast  metal  housing.  Kacli  tube  of  a 
f^te-tube  cooler  consists  of  two  sections-,  or 
srfmpings,  of  copper-nickel.  A  distributor  strip , 
is  enclosed  in  each  tube.  Severar  tubes  are 
assembled  to  form  the  (;ooling  elqmeht,  or  cprc, 
of  the  cooler.  A  plate-type  core  and  tube 
construction  are  shown  in  figure  8-13. 
^  In  a  plate-tube  4:ooler,  the  copling  liquid 
flows, through  the  casing  and  ovefTfie  tubes.  Tlie 


heated  oil  'flows  througti  tha,  tubes.  The  tubesjn 
the  core  assembly  are  spaced  so  that  the  coo/ing 
water  circulates  freely  over  their  ex4eVnal 
^rfaces. 

Location  of  Cooler^ 


^7 


he  location  of  coolers  will  vary,  depending 
on  the  engine  and  the  fluid.cooled.  Some  coolers 
are  attached;  others  are  detached.  An  example 
of  a  detac|^*d  fresli water'  cooler  is  shown  in 
figure  8-2.  Tlie  freshwater  cooler  used  with  the 
engine  shown  Jn  figure  8-3  is  also  detached. 
Some  freslnvater^  coolers  are  located  on  the 
outside  of  the  hull,  well  below  the  waterline. 

I  b  ••; 
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Figur«  8-1&-Ldcattofi  of  cooton  and  oth«f  codti^g  tystem  comfKMicnts  of  6M  8-268 A  a^n«s^ 


When  so  located, .coolers  are  frequently  referred 
to  as/^outboard,"  ^^keel"  or  '^huD"  coolers. 

♦  * 
Examples  of  variations  in  the  locations  of 
attached  freshwater  coolers  and  lubricating  oil 
cqplers  can  be  seen  in  figures  8-1 ,  8-3,  8-14,  and 
8-1 5/ Note  that  the  lubricating  oil  cx)oler  of  the 
open  system  (fig.  8-1)  is  attached  tp  the  engine 
block  and  is  located  between  the  saltwater 
intake  and  the  exhaust-manifold  water  jacket. 
The  engine  shown  in  figure  8-3  has  two 
lubricating^oil  coolers:  one  for  engine  oil;  the 
other  fornfransmission  oil.  Frcshw^ter  serves  as 
the  cooling  liquid  in  both  coolers.  The  location 
of  the  freshwater  coolers  c^nd  the  lubricating  oil 
coolers  of  the  CM  series  71  enjsines  (fig.  8-14)  is 
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representative  of  cooler  location  in  many  small 
diesel  engines.  How  the  location  of  the  coolers 
in  a  medium-sized  diesel  differs  from  that  in 
smaller  engines  is  shown  in  figure  8-15. 

The  coolers  discussed  up  to  this  point  have 
been  those  used  in  lowering  the  temperature  of 
freshwater  and  lubricating  oil  In  some  engines, 
tlie  temperature  of  the  supercliaiged  intake  air  is 
also  reduced.  If  the  temperature,  of  this  air, 
which  is  heated  bv  compression  within  the 
supercharger,  is  reduced,  the  amount  of  air 
charge/  entering  the  cylinder  during  each  intake 
event  will  increase  and  the  power  output  of  the 
engine  ^ill  be  increased.  Coolers  used  for 
lowering  the  temperature  af  the  intake  air  are 
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sihell-and-tube  and  strUHube  types  and  operate 
on  the  same  principle  as  coolers  used  for  cooling 
freshwater  and  lubricating  oil.  Air  coolers,  used 
tQ  cool  intake  air,  are  referred  to  as  iniercoolers 
and  aftercoolers.  IntercooIerS  are  located  before 
the  supercharger,  and  aftercoolers  are  located 
between  the  supercharger  and  the  intake 
manifold.  The  heated  air  from  the  superchai^er 
passes  through  the  tubes,  where  the  heat  is 
transferred  to  the  cooling  water  flowing  around 
the  outside  of  the  tubes.  Cooling  water  is 
generally  from  the  seawater  circuit  but  may  be 
from  the  freshwater  circuit. 
^  Tlie  engine  cooling  system  is  also  used  to 
cool  the  air  around  some  engine-generator  sets. 
Generators,  unlike  internal-combustion  engines, 
cannot  be  directly  cooled  by  liquids.  If  a 
g^;nerator  develops  more  heat  than  can  be 
removed  by  Ihe  surrounding  air,^a  supply  of  cool 
air  must  be  provided  to  remove  the  excess  heat. 
Where  generator  air-cooling  is  necessary,  an  air 
cooler  is  provided  in  a  closed  air  circuit.  The 
heated  air  from  the  generator  is  forced  through 
the  cooler,  where  the  temperature  is  reduced; 
thi^  air  is  then  recirculated  to  the  generator 
Depending  on  the  installation,  either  freshwater 
fro?n  the^ngine  cooling  system  or  seawater  may 
serve  as  the  cooling  medium. 


ENGINE  WATER  PASSAGES 


The  form,  location,  and  ifumb^r  of  cooHng 
passages  within  an  engine  vary  considera-bly  in 
ditferent  engines.  The  form  of  a  cooUng  water 
passage  and  its  location  are  .controlled  by  many 
factors,  such  as  size  of  engine,  cycle  of 
operation,  and  cylinder  arrangement.  Many  of 
the  water  passages  found  in  various  engines  have 
been  illustrated  and  mentioned  earlier *^n  this 
manual  in  connection  with  engine  parts. 
Additional  information  on"  engine  cooling 
passages  is  given  in  the  following  paragraphs.- 
The  examples  we  used  for  illustrative  purposes 
are  not  all-inclusive;  however,  those  described 
are  a^presentative  of  the  passages  to  be  found  in 
in-line,  V-type,  and  opposed-piston  engines. 

Cylinder  Heads 

Most  engines  have  cooling-water  passages 
witfiin  the  cylinder  head{s).  The  passages  in 


cyhnder  heads  generally  surround  the  valves  and, 
in  diesels,  the  injectors-  Usually,  the  passages  are 
cast  or- drilled  as  an  integral  part  of  the  head.  In 
some  cylinder  heads,  such  as  those  of  the  CM 
6-71  and  the  Gray  Marir^J  64-HN9<  the  injectors 
are  seakd  in  a  water-cooled  tube  by  means  of  a 
neoprenc  seal  The  pass^es  in  the  cylinder  heads 
of  two  in-line  engines  which  differ  considerably 
in  size  are  shown  in  figures  8-16  and  ^-17, 


Cylinder  liners  or  Blocks 


The  passages  in  tlie  cylinder  head(s)  receive 
water  from  a  jacket  or  from  passages,  either  of 
which  may  be  an  integral  part  of  the  cylinder 
liners  or  the  cylinder  block.  Water  flow  to  the 
cylirtder  head  is  almost  always  upward  from  the 
liner  or  block.  *     '  ^ 

Water  Manifolds  ^id  Jackets 


The  location  and  form  of  the  water  passages 
in  a  V-type  engine  are  basically  the  same  as 
those  found  in^  an  in-line  engine.  Differences 
which  exist  ate  generally  due  to  the  cylinder 
arrangement.  The  location  and  form  of  these 
passages  at  one  point  in  a  V-type  engine  are 
shown  in  the  cross-sectionalid|>ew  of  the  GM 
16-278A(fig.  8-18),^ 
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VAtVE  SPfttNG 


^  7S.220 
Figur*  &17.-VV«tif  passaQfti  in  eyiindtr  head  of  a  Gray 
Marina  angina* 


Note  the  location  (in  fig.  8-18)  of  the  two 
freshwater  manifolds.  These  manifolds  receive 
water  from  the  freshwater  pump.  From  the 
manifolds,  the  water  flows  into  cylinder  Hner 
passages  and  then  through  the  cylinder  head 
passages.  From  the  cylinder  Head  passages,  the 
water  flows  through  the  water' jackets  of  the 
exhaust  elbows  and  the  exhaust  manifold^.  The 
water  is  forced  from  the  exhaust-manifold  water  ^ 
jacket  througli  a  cooler  before  it  is  recirculated 
through  the  system  by  the  pump. 

Because  of  differences  jn  engine  design,  the 
•  ,  location  and  form  of  the  cooling  passages  in  an 
opposed-piston  ,  engine  will  differ,  to  a  degree, 
from  those  in  other  types  of  engines.  The  lack  of 
cylinder  heads  eliminates  some  of  the  passages  . 
common  to  engines  of  the  in-Hne  and  V-types. 
While- dr^erences  of  a  minor  nature  exist  in  the 
phages  of  difierent  types  of  engines,  the 
c(i)oIing  passages  of  all  engines  are  similar  in 
many  respects.  Some  ways  in  which  the  passages 
of  an  opposed-piston  engine  are  similar  to  those 
^  of  other  types  of  engines  are  shown  in  figure 

,        ,        r  ^ 
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Note  thal^  in  the  FM  engine  the  exhaust 
manifolds  are  encased  in  water  jackets  similar  to 
those  of  the  GM4  6-278 A  (fig.  8-18),  The  Uner 
pass^^f  the  FM  38D^1  /8  are.  similar  to  those 
found  in  other  types  of  engines.  The  location  of 
the  water  header  (manifold)  differs  in  various 
engines.  In  such  engines  as  the  GM-1 6-278C  (fig. 
8-18),  the  water  manifold  receives  water  frojti 
the  pump.  In  these  engine^.^  water  from  the 
manifold  flows  through  the  liner-  and 
.  head-passages  ami  then  on  to  cool  and  exhaust 
manifold  bef^reit  flows  through  the  cooler  and 
back  to  the  pump.  In  the  FM  38D8  1/8,  the 
water  from  the  pump  usually  enters  the  engine 
through  the  water  jackets  of  the  exhaust  elbows 
and  the  exhaust  manifolds;  in  some  engines, 
water  enters  the  cylinder  liner  through  a 
nozzle-adapter.  In  the  usual  arrangement,  the 
water^header  or  manifold  in  the  FM  3808  1/8 
^^Cfi^^e^  igSlerV  from  the  cylinder-Uner  water 
passages  (fig.  8-V9),  Iij  other  ^ords,  the  water 
Header,  of  an  FM  38D8  1/8  is  the  last  passage  in 
the  engine  through  which  water  flows  before  it 
goes  through  thfe  cooler  and  back  to  the  pump; 
in  the  GM  16*278 A  the  water  header  (manifold) 
is  the  first  part  to  receive  water  from  the  pump- 

FRESHWATER  (EXPANSION)  TANKS 

ITie  freshwater  circuit  of  an  engine  cooling 
system  includes  a  tank  which  is  commonly 
referred   to   as  the   expansion   tank.  Some 
.  expansion  tanks  are  identified  as  the  SURGE 
TANK  or  SUPPLY  TANK. 

The  freshwater  tank  provides  a  place  where 
water  may  be  added  to  the  system  when 
necessary  and  provides  a  space  to  accommodate 
changes  in  water  volume  which  result  from  the 
expansion  and  con^action  caused  by  heating 
.  and  cooGng  the  wafer.  The  piping  arrarigement 
of  a  cooling  system  permits  excess  water  in  the 
system  to  pass  back  to  the  tank  as  the  water 
expands  upon  becoming  warm  and  permits 
water  from  the  tank  to  flow  into  the  system 
when  tlie  water  contracts  as  it  cools  and  when 
the  water  becdhies  low  because  of  leakage  in  the 
system. 

Location  of  Freshwater  Tanks 

Even  plough    the    exact    locations  of 
expansion  tanks  vary  iri  different  engines,  the 
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tank  is  always  located  at  or  near  the  highest 
point  in  the  circuit.  Examples  of  tank  location 
are  shown  in  fibres  8-2,  8-3,  and  8-14. 

Venting  in  die  Freshwater  Circuit 

\  The  manner  in  .  which  venting  is 
accomplished  in  the  freshwater  circuit  j^fya 
cooling  system  will  v^y,  depending  on  ihe 
engine-  However,  ventina  generally  involves 'the 
expansion   tank.    In   so\ne  expansion  tanks^ 


particularly  in  the  systems  of  larger  engines,  a 
vent  pipe  from  the  high  point  of  the  circuit 
carri^  to  the  tank  any  steam  or  air  bubbles 
whi^pmay  form  in  the  system.  When  steam 
confB  in  contact  with  the  cooler  water  in  the 
tank,  the  steam  condenses  bac)?into  water.  The 
condensation  keeps  the  system  free  from  steam 
or  air  pockets.  The  expansion  tank  is  vented  to 
the  atmosphere.  A  gage  glass,  located  on  the  side 
of  the  tank,  reveals  the  water  level. 

In  many  small  engines,  the  freshwater  circuit 
has  no  vent  and  operates^  under  a  slight  pressure. 
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(fig.  8-14);  ,this  arrangement  confines  the  wuter 
vapot,  thus  preventing  the  loss  of  water.  The 
only  escape  for  water  vapor  from  a  circuit  which 
operates  under  pressure  is  through  S  small 
overflow  pipe. 


4 


-  SEA  SCOOPS  AND  STRAINERS 


All  seawater  circuits  ificlude  either  scoops  or 
a  sea  chest,  located  below  the  waterline,  to 
provide  the  seawater  necessary  to  cool  the  water 
in  the  freshwater  circuit.  A  strainer  is 
incorporated  in  the  seawater  circuit  to  preven^t 
the  entrance  of  seaweed  and  other  debris.  In 
some  seawater  circuits,  two  strainers  (inboard 
and  outboard)  are  installed.  Tlie  outbc^rd 
strainer  covers  tho  seawater  inlet;  the  inboard 
strainer  prevents  small  particles  of  foreign 
matter  which  passed  through  the  outboard 
strainer  from  entering  the  circuit.  Seawater 
strainers  have  removable. strainer  baskets  which 
can  be'  withdrawn  for  cleaning. 

An  example  of  '  one  type  of  scoop 
arrangement  is  shown  in  figure  8-2.  Two  scoops, 
inlet  arid  outlet,  are  located  in  the  bottom  of  the 
ship.  These  scoops  may  be  opened  or  closed 
.  from  controls  located  in  the  engineroom.  When 
the  ship  is  .underway,  its  movement  forces 
seawater  into  the  inlet  scoop,  throqgh  the 
cooler,  and  out  through  the  outlet  scoop.  When' 
the  ship  is  not  underway  and  the  engines  are 
idling,  the  outlet  scoop  is  closed  and  seawater  is 
drawn  in  through  the  inlet  scoop  and  cooler  by^ 
the  saltwater  pump. 


VALVES 


The  temperatures  in  the  cooling  system  must 
be  regulated  to  meet  operating  conditions.  One 
of  the  principal  factors  affecting  the  proper 
cooling  of  an  engine  is  the  rate  of  flow  of  water 
through  thCcooiing  system.  Tlu:. more  rapid  the 
flow,  the  less  danger  there  is  of  scale?  ^^ppsits 
and  hot  spots,  since  the  high  water  velocity  has  a ' 
scouring  effect  on  the  metal  surfaces  of  the 
cooling  passages  which  causes  the  heat  to  be 


carried  away  more  quickly.  As  the  velocity  of 
the  drculating  water  is  reduced,  ttie  discluige 
temperature  of  the  cooling  water  becomes^ 
higher  and  more  heat  is  carried  away  by  each 
^Uon  of  cooling  water  circulated.  As  the  rate  of 
circulation  is  increased,  each  gallon  of  cooling 
water  carries  away  less  heat  and  the  discharge 
timperature  of  the  cooling  water  drops;  a, 
nUatively  cool-running  engine  results,  / 

The  temperature  of  engine  cooHng  vyater 
may  be  controlled  by  two  methods.  In  I  one 
method,  the  water  temperature  is  controlleij  by 
regulating  -the  amount  of  water  discharged  by 
tlie  pump  into  the  engine.  The  other  method  of 
t^^mperature  control  involves  regulating ;  tlie 
amount  of  water  which  passes  through  \  the 
freshwater  cooler.  The  first  method  maVi  be 
accomplished  by  means  of  a  manually  operated 
throttling  valve;' the  latter  method  is  generally 
accomplished  automatically  by  means  o^  a 
thermostatically  operated  bypass  valve.  1 

ManuaDy  Operated  Throttling  Valve 


When  the  manually  operated  throttling  valve 
is  located  in  the  pump  discharge,  the  valve  may 
be  used  to  cause  the  water  to  pass  through  the 
engine  slowly  and  be  discharged  at '  a  high 
temperature  or  to  pass  .  through  the  engine 
rapidly  and  be  discharged  at  a  low  temperature, 
IF  the  pump  is  driven  by  an  electric  motor,  these 
same  effects  on  the  velocity  and  the  discharge 
temperature  of  the-  cooling  water  can  be 
obtained  by  increasing  and  decreasing  the  speed 
of  the  pump.  Th^rottling-vaJves  may  be  used  in 
the  seawater  circuit  to  regulate  the  amount  of 
water  passing  through  the  seawater  side  of  the 
freshwater  cooler. 

An  example  of  temperature  control  by 
means  of  a  throttling  valve  in  the  seawater 
circuit  is  shown  in  figure  8-2,  lower  illustration. 
In  some  installations  of  the  system  shown, 
engine  temperature  in  both  the  open  and  closed 
circuits  is  controlled  by  opening  or  closing  the 
.tljrottling  valve  in  the  inlet  scoop.  In  other 
installations  of  the  system  shown,  temperature 
is  controlledf''aDt<unaticalIy  by  a  tliermostaticalty 
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operated  bypass  valve  (upp^r  illustration,  fig. 
&-2).  Where  throttling  valves  are  incorporated  in 
the  sea  water  circuit  and  thermostatically 
operated  valve  is  included  in^  the  freshwater 
circuit,  the  throttling  vaives  are  used  only  to 
provide  a  constant  flow  of  seawater  or  to  close 
the  circuit  completely.  Temperature  is  then 
controlled  by  the  ait  ion  of  the  therm  (Statically 
operated  valve  in  the  freshwater  circuit.  The 
throttling  valve  in  the  saltwater  circuit  should  be 
adjusted  to  maintain  the  minimum  flow  of 
saltwater  consistent  with  maintaining  proper 
temperatures  in  the  freshwater  circuit  and  the 
lubricating  oil  system. 


Thermostatically*  Operated 
Bypass  Valves 

*     '  ■ 

In  modem,  marine  engine  installiftions, 
automatic  temperature  control  by  means  of 
thermostatically  operated  bypass  valves  is  more 
common  than  contrcSl  by  means  of  throttling 
valves  in  the  pump  discharge  ox  in  the  seawater 
circuit.  The  thermostatic  valves  used  in  the 
cooling  systems  of  engines  are  of  two  types:  the 
conventional  type  (an  example  of  this  type  is 
shown  in  the  upper  illustration  of  fig.  8-2);  and 
the  three-way  proportioning  type.  Valves  of  the 
latter  type  are  commonly  called  automatic 
te  ntperature  regulators.  Conventional 
thermostatic  valves  are  generally  used  in  small 
engines;  the  automatic  temperature  regulators 
are  commonly  used  in  medium  and  large 
engines. 

The  element  is  similar  in  both  types  of 
thermostatic  valves.  The  element  is  so  designed 
that  it  Will  expand  or  contract,  dependent  on 
the  temperature  to  which  it  is  exposed.  The 
element  of  a  thermostatic  valve  may  be  filled 
with  a  gas  or  a  liquid,  or  it  may  be  of  the 
bimetal  type.  In  most  marine  engines,  the 
elements  of  thermostatic  valves  are  either 
gas-filled  or  liquid- filled.  The  elements  of 
conventional  ^thermostatic  valves  generally 
contain  a  gas;  the  elements  of  automatic 
regulators  usually  contain  a  volatile  liquid,  such 
as  ether  or  alcohol.  Elements,  constructed  in  the 
form  of.  a  sealed  bellows,  may  be  made  of 


ojpper,  brass,  or  Monel  mefal.  These  metals  are 
used  because  they  are  corrosion-resistant  and 
because  they  will  withstand  a  considerable 
amount  of  flexing  without  fatiguing.  The 
elenUnt  is  attached  to  a  valve  which  opens  and 
doses  as  the  bellows  expands  and  contracts 
under  the  influences  of  variations  in  \the 
temperature  of  the  coolant;  thus,  the  amount  of 
water  flowing  through  the  line  is  automatically 
regulated. 

Conventional  thermostatic  v^ves  may  be 
built  into  the  engine,  or  they  may  be  located 
outside  the  engine  within  Iftie  freshwater  circifit 
as  illustrated  in  the  upper  portion  of  figure  8-2. 
The  manner  in  which  a  conventional 
thermostatic  vahre  operates  is  illustrated  in 
figure  8-20. 

As  long  as  the  engine  and  the  water  are  cool, 
the  thermostatic  valve  remains  closed;  the  water 
from  the  engine  then  flows  around  the  bellows, 
down  through  the  holes  in  the  valve,  and  out 
through  the  bypass  outlet  to  the  freshwater 
pump  (fig. ^8-20 A),  Fresh >vater  is  thus  bypassed 
around  the  cooler  until  the  water  gets  warm 
enough  to  cause  the  thermostatic  valve  to  open. 
As  the  water  gets  warmer,  the  increase  in 
temperature  causesk^e  element  to  exp^d;  the 
valve  is  Ihen  partially  open^,  a  part' of  the 
water  goes  through  the  cooler,  and  the  rest  of 
the  water  goes  through  the  bypass  outlet  (fig.. 
8-20B).  Finally,  when  the  valve  is  wide  open, -as 
a  result  Qf  the  increase  in  the  temperature  of  the 
water,  the  valve  seats  on  the  base  of  the 
thermostat  hrfusiijg^Qie  flow  of  freshwater 
through  the  bypass  outlet  is  then  stopped,  and 
all  the  water  from  the  engine  passes  tlirough  the 
cooler  where  the  temperature  of  the  water  is 
reduced  (fig,  S-20C), 

Automatic  Regulating  Valve 

In  many  engines,  freshwater  temperature  is 
regulated  by  an  automatic  regulating  valve  which 
maintains  the  freshwater  temperatui;e  at  any' 
desired  value  by  bypassing  a  portion  of  the 
water  around  the  freshwater  cooler.  An 
automatic  temperature  regulator  of  the  type 
commonly  used  in  the  cooling  systems  of  marine 
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engines  is  shown  in  figure  8-21.  Even  though' 
regulators  of  the  type  shown  are  automatic  or 
self-operated,  provisions  are  included  in  mc»t 
installations  for  manual  oj>eration.iji  the  event 
that  the  automatic  feature  fails. 


The  temperature  regulator  consists  of  a  valve 
and  a^ermostatic  control  unit  mounted  on  the 
valve.nrhe  thermostatic  control  unit  consists  of 
two  parts:  the  temperature-control  element  and 
the  control  assembly. 

The  temperature-control  element  consists  of 
a  bellows  connected  by  a  flexible  armored  tube 
to  a  bulb  mounted  in  the  engine  cooling-water 
discharge  Hne,  The  temperature-control  element 
is  essentially  two  sealed  chamijers.  One  chamber 
is  formed  by  the  bellows  and  cap  yvhic^  are 
sealed"  together  at  the  bottom;  the  other 
diamber  is  in  the  bulb*.  The  entire  system 
(except  for  a  small  space  at  the  top  of  the  bulb) 
is  filled  wittj  a  mixture  of  ether  and  alcohol 
which  vaporizes  at  a  low  temperature.  When  the 
bulb  is  heated,  the  liquid  vaporizes  and  the 
pressure  within  the  bulb  increases.  This  forces 
the  liquid  out  of  the  bulb  and  through  the^ube; 
the  bellows  is  moved  down  and  operates  the 
valve.  - 

The  control  assembly  consists  of  a 
spring-loaded  mechanical  linkage  which  connects 
the  temperature-control  element  to  the  valve 
stem.  The  coil  spring  in  the  control  assembly 
provides  the  force  necessary  to  balance  the  force 
of  the  vapor  pressure  in- the  temperature-control 
element.       ^  ' 

Thus,  the  /3ow"hward  force,  of  the 
temperature-control  elemettr^  balanced,  at  any 
point,  by  the  upwakt-*eFce  of  the  spring  which 
permits  the  valve  to  be  set  to  hold  the 
temperature  of  the  engine  cooling  water  within 
the  allowed  limits. 

The  regulator  operates  only  within  the' 
temperature  range  marked  on  the  nameplate;  it 
may  be  adjusted  for  any  temperature'  within*  this 
range.  The  setting  is  contriiiriled  by  the 
range -adjusting  wheel,  located  under  the  spring 
seat.  A  pointer  attached  to  the  spring  seat 
indicates  the  temperature  setting  on  a  scale 
which  is  attached  to  the  regulator  frame.  The 
scale  is  graduated  from  0  to  9,  representing  the 
total  operating  range  of  the  regulator.  (See  fig. 
8-22.) 

The  location  of  a  temperature  regulator  in 
Qm  type  of.  installation  is  shown- in -figure^}  S-;- 
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f^iQurf  8-22.-Scale^  indicatof  platw  of  temperature 
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note  that  tiic  a-guiator  is  loc^^ctTin  the  seawater 
,'lcifcutt';4n  most  engines,  the  ragulator  is  {ocatt;d 
'mn  EheJY^sliwater  circuit. 

^  -^^  Wfwn  Idcitecf  in  ihe  seawater  circuit,  the 
rfjgulator,  controls    the  Amount  of  sciiwytcr 
flowing  ^  through  ,  (he    Lpo'lers.    When  the 
temperature  'M-thc  freshwater  becomes  greater 
-  than  :t|i£-  tempera tufe  j'or  wjiich  the  regulator*  is 
J    set,  ttMfcgiiJator  actuates  a  valve  to  increase  the 
'l]ow'ofl?eaiv3tcr  throug4i  the. coolers.  When  the 
r    frestj.^5ti*r  temperature  is  below  the  temperatun: 
V   for  which  the' rcguiatox  is  set,-  the  .regulator. 
Cjiif«.tlWtes  |Ji|falve  to  decre;ist^ie  Hqw  of  seawater 
•  thr4>ugh  the  cooler*.  '  ' 


'      Im  Installations  where  {ft^^egulatof  is' in  the 

■freshwatec  circuit,  water  is  directed  to  the  cooFe? 

.when  the  teni^sirdfure^'  IheV'ater  is  above  the 
'  jnaxiiuum  set-Jing  of^tl^trgulator.  After  p.as^^ing 

'*tlu:ough^ he,  cooler  wllWe  Che  temperature  of  tiic 
,  :water.  is  decreased,  Jhe  waier  .  return*  to.  the 
'  {aictiont         of^  the""  freshwater  puniR-"  to  be 


recirculated.  Wtien  the  temperature  of  the  water 
is  below  the  jriaxilnuni  siting  of  the  regulator, 
the Avater  bypasses  th^  cpoler  and  flows  directly 
to  the  suction  side  of  the  pump.  Bypassing  the 
coojer  pennits  -the  water  to  be  recirculated 
through  the  eiigme;  in  tliis  way.  the  temperature 
of  the  water  is  raised  to  the  proper  operating 
jeveL  s    '  • 

Regardless  of  whether,  tlie  regulator  is  in  the 
fresh  or  seawater  circuit,  the  bulb  which  causes 
Jhe  regulator'  to  operate   is  located  in  the 
•  fresh watesiwdfscharge  hne  of  the  engine.  ^  ■ 

tsanperature  regulators  are  used  not>^ly  to 
control  the  temperature  of  the  freshwater  but 
aiso  to  control  indirectjy  the  temperature  of  the 

/oil  discharge  from  the  lubricating  oil  cooler. 

'  ContTQt  of  lubricating  oil  tempetliture  is  possible  - 
because'  the-  water  (freshwater  or  saltwater)  that 

■  iit  passed '  •  throCigh  .  the  regulator  and  the 
freshwater  cooler  is  the  cooling  agent  in  the 
lubricatiiig  oil  cooler.  When  the  lubricatiHg  oil  is 
cooled  By"  seawater,  two  temperature  i^ulators 
arc  installed  in'^  ^le  seawater  circuit.  The 
temperature  regulator  bulb  of  the  regulator  that 
controls  the  '  temperature  of  the  freshwater  is  ' 
installed  in  the  freshwater  circuit;  the  bulb  of 
the  rdfeulator  that  controls  lutjricating  oil 
temperature  is  installed  in  tfie  lubricating  oiJ ' 
systefti.  .....  . 

^  MAINTENANCE  OF  ENGINE 
COOLING  SYSTEMS 

.  Since  the  purpose  of  an  engine  cooling 
'  system  is  to  keep  engine  parts  and  working 
fluids  at  safe  operating. temperatures,  steps  must 
be  taken  to  prevent  corrosion  and  to  reduce  the 
tendency  toward  'scale  formation  in  cophng 
systems.  Heat  exchangers  and  water  jackets  must 
be  properly  cletfned  or  repaired  whenever  a 
,  planned  main'tenarice  action  of  faulty  operatior^ 
reveals ^'^thlit  it  is  neicssary;  circulating  pumps 
must  be  maintained  in  ,  the,  best  of  operating 
conditions.  The  fnfdrmation  in  this  seqtk)n  deals 
with  the  maintenance  of  heat  exchangers  and 
the  reduction  of  scale. formation  by  freshwater 
treatment.  You  will  find  information  on  the  care 
ot\)umps  in  ehapter  TS  of  this  manuaj."^ 
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CARE  OF  HEAT  EXCHANQERS 

If  a  cooler  is  to  effectively, rem  pve  the  excess 
)ieat  from  lubricating-  oil  o^  tresii water,  it  is 
essential  that  the  coolei;.  be  inspected 
periodically  (usually  at  30-60  day  inter>^^sJ^for 
excessive  scale  arid  foreign  ftateriaL  Excessive 
scale  and  accumulations  of  dirt  reduce 
efficiency  of  the  cooler.  Unless  the,  cooler  is 
propedy  cleantid,  therefore,  scale  and  dirt  may 
accumulate  on  the  tubes  to  such  an  extent  that 
.the /cooler  cannot  remove  enough  heat  to  keep^ 
the  cooled  liquid  within  prescribed  limits,  ^ 

Thq  accumulation  of  scale  and  dirt  on  the 
saltwater  .side  of  a*  cooler  element  is  usually  a 
gradual  process.  The  presence  of  scale  anu\dirt 
on  the  cooler '  tubes  is  usually  indicated, 
depending  on  the  use  of  the  cooler,  by  a  gradual 
increase  in  oil  temperature  or  in  freshwater 
temperature.  Excessive  accumulations,  on  the 
tubes  and  clogging  of  the  ^tubes  are  both 
indicated  fay  a  gradual*  increase  in  the  difference 

.^between  the  inlet  and  outlet  pressures  of  the 
cooler.  As  the  amount  of.  s^aie  increases,  tlie 
quantity  of  sea  water  that  must.be  circulated  to  ^ 
obtain  the  same  cooling  effect  will  increase  due 
to  the  insulating  effect  of  the  scale  coaling  that 

,  forms  on  the  saltwater  side  of  the  coolef)  When 
scale  formation  is  suspected,  the  heat  exdriangcr 
element  should  '  be  removed,  inspectei^,  and 
cleaned. 

Scale  will  form  on  the  saltwater  side  of  a 
cooji^r  during  normal  operation  because  of  the 
dissolved  salts  present  in  the  water.  One,  of  the 
factors  which '  tends  to  increase*  tlie  rate  of 
formation  of  scale  is  operating  tlie  engine  with  a 
"high  seasyater  temperature.  '  Thf  seawater 
discharge  tempemture  should  h&  maintained  ■ 
below  L^O^'F.  'At  higlier  temperatures  'tbe 
amount  of  scale  formation  is  considerably 
greater. 

Cooler  elements  may  become  cloggc^d  with 
such  ^Ttaterials  as  marine  life,  grease,  or  sand. 
Such  clogging  greqtly  reduces  cooler  capacity. 
Cooler  elements  may  also  become  cloggeds 
through  faulty  *  operation  "  of  the  seawater 
strainer,  improper  lubrication  of  pumps,  or,  in  ^ 
oil  coolers,  a  leaky  element. 


Seawater  strainer?  are' provided  to  prevent 
the  entrance  of  seaweed  and  other  debris  into 
the  circulating  system. -These  strainers  must  be 
replaced  or  repaired  when  the  screens  become 
punctured  or  otherwise  incapable  of  preventing 
entry  of  dirt  into  the  system.  Remember  that 
when  a  seawater  strainer  has  to  be  cleaned  or 
replaced,  the  sea  suction  valve  must  be  secured 
before  .the  strainer  is  opened  to  prevent  flooding 
the  ■  spacg.  This^  precaution  must  be  taken' 
whenever  work  is  to  be  done  on  any  saltwater 
piping  connected  directly  to  the  sea. 

Many  seawater  purhps  are  provided  with 
grease  cups  for  bearing  lubrication.  Turning  such 
grease^'cups  dawn  ^cx)  often  may  cause^the  grease 
to  be  squeezed  into  the  water  being  pumped.^ 
The  grease,  will  ^iJe.  carried  into  the  cooler 
element  and  deposited  tliere.  The  film  of  grease 
thus  deposited  will  greatly  'reduce  the  capacity 
of  tiie  cooler.  Seawater  pumps  should  be 
lubricated  as-  Specified  •  in  the  ^Planned 
Maintenance  ^System, 

^  A  hole  iji  the'element  of  the  oil  cooler  will 
allow  the  passage'  ©f  lube  oil  ijito,  the  water 
N^^iich  is  used  for  coil  cooling.  Some  of  the  oil 
introduced  into'  the  water  may  be  deposited  on 
the  water  side  of  the  coqlcr  elements.  The  film 
of  oij  so  deposited  will  act  in  tile  same  manner 
as  the  grease  niQ|(just  discussed. 

Leaks  in  .op  coolers  should  be  repaired  as 
soon\as  possible.  A  vigilant  fookout  should  be 
maiotained  for  signs  of;  oil  oi;  grease  in  the 
freshwater  systejm.  If  oil  or  grease,  is  present, 
locate  and  elimjnate  ttie  source  of  t^c 
contamination.  •  ^     •  . 

When  there  are  symptorns^  which  indicate 
that  excessive  amounts  of  scale  or  accumulation 
•  of  dirt  are  forming  on  the  saltv^ater  side  of  a 
cooler,  remove  and'  clean  the  element.  For 
ordinary  cleaning  of  a  cooler  ^element 
(shell-and-tube  type),  use  an^  lance  to  removie 
foreign  debris  froni  the  water  side. ^  For  more 
severe  fouling,  use  a  watprjance  instead  of  an  air 
lance.  Where  4here  is  extreme  fouling  due  to  oil 
or  foreign  material,  run  i  rota  ting-bristle  brush 
.through  each  tube  or  drive  scJft  rubber  plugs  (if 
available)  through  the  tubes*^vith  an  air  or  water 
gun.  Then  use  a  water  lance  to  remove  any 
remaining  foreign  material  from  the  tubes.  ' 
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.  Y(5u  must  be  careful  ngt  to  use  abrasive 
'  tools  capable  of  scratching  or  marring  the  tube 

•  surfaces.  'Never  •  use  wire  brushes  or  metal 
scrapers.  Carefully  use  air  and  water  lanqes  and 
other  cleaning  equipment  and  procedures  to 
avoid  damaging  the  element.  The' cleaning  of  a 
cooler  elemait  will  be  muc^  more  effective  and 
more  oasily  accomplished  if  the  cleaning  is  done 
before  tfK'^  accumulations  on  the  surfaces  of  the 
element  have  had  time  to  dry  and  harden. 

dean  the  oil  sides  of  &heJi-and-tube  coolers 
of  the  removable  tube-bundle  type  removing 
the  tube  bundle  and  washing  it  with  ajet  of  hot, 
freshwater.. Be  sure  that  you  dry  th,e  tube  bundle' 

'thoroughly  prior  to  reassembly.  Note,  however, 
that  witlyproper  attention  to  purification  and 
filtering  of  the  oil,  cleaning  of  the  oil  side  of  this 

"type  of  coolershoiild  seldom  be  necessaij/. 

.  .  A  chemical  rather  than  a  mechanical  metfibd 
is  required  for  cleaning  strut-tube  type  coolers. 
Clean  Ithe  oij  side  first;  otherwise,  some  of  the 
oil  win  wash  ou!  of  the  tubes  and  nullify  any 

•  clcanii^  alieatjy.  accomplished. 

The  items  of  equipment  you  will  need  to 
clean  the  oil  side  of  a  cooler  will  vary  in  size, 
depending  on  the  size  of  the  unit.  With  an 
arrangement  such  as  illustrated  in  figure  8-23,  an 
^approved  cleaning  agent  is  pum^  through  the. 
cooler.  You"  can  speed  up  the  cleaning  process 
considerably  by  circulating  the  cleaning  agent  in 


F}gur»  8-23.-Equipmint  for  clMnkig  ■  hMt  exditnQtrl . 


'^a  direction  opposite  to  the  normal  oil  flow. 

-  Check:  tlie  progress  of  the  cleaning  process 
freq'uently.  The  process  is  complete  when  the 
solution  flows  freely  through  tlie  cooler.  - 

You  may  use  a  hand. pump  to  clean  small 
copiers.  Submerge  the  element  in  a  container  of 
■  cleaning  sohition  and  then  usfe  thfe  pump  to 
force  the  so|utia«  through  the  element.     *  ' 

Clean  the  oil  side  of  a  cooler  in  the  open  or 
in  a  well^entilated  space  if  the  cleaning  agents 
give  off  toxic  vapors.  .  , 

Xlean    the    water    side    of   oil  coolers 
chemically  by-.submerging  the  unit  in  a  weak 
solution  of  muriatic  acid.  (The  solution  ishduld 
'        1  part  muriatic  acid  to  9  parts  cold  water  ;  to 
>  this  is  added,  forevery  gallon  oC.muriatic  acid,''! 

pounds'  of  oxalic  acid  and  1/4  ounce  of 
'  pyridine.)  The  tank  containing  thCj^dd  must  be 
Of  earthenware  or  other  acifl-resistanf  material. 
Two  additional  tanks  are  necessary  to  complete 
.  the.  cleaning  process.  Fill  the  second  tank  with 
cold  freshwater  and  fill  the  third  with  a  5% 
solution  Of  sodium  carbonate. 

>  To  facilitate,  access  to  the  fjarts  of  ^  cooler, 
disassemble  the  uiiit;  remove  the  core -from  the 
casa  if  practicable.  Support  the  unit  to  be 

-  cleaned  with  a  wire  and  submerge  it  in  the  acid 
solution.  Foaniing  will  occur  and-  continue  as 
"long  as  the  cle^psing  action'  is  taking  place.  When 

foaming  ceasef,  place  the  unit  in  the  tank  of 
cold  Water  for  approximately  1  minute.  Then, 
immerse  the  unit  in  the  solution  of  sodium 
carbonate.  Bubbling  will  oCcur  if  all  the  acid  was 
not  removed  from  the  unit  by  thfr- freshwater. 
'When  bui(blirig  occurs,  leave  '  the  unit  in  the 
solution  of  sodium  carbonate  until  the  bubbling 
ceases.  Then,' remove  the  unit  from  Che  solution 
and  flusij  it  with  freshwater.  Warm  #ater  should; 
.be  used,  if  available.  This  cleaning  procedure  can* 
^  be  used 'to  remove  any  deposits  from  the  cooler 
case  and  cov^efs.. 

Corrosion  or  erosio'h  of  the  efen^nt  in  a  heat 
exchanger  or  operation  at  excessive  pressure 
may  c^use  LEi^KS^ -These  leaks  Ian  develop 
either  in  the  element  or  ih  the  casiiig.  You  can 
usually  detiftt  leakage  from  fffe  cooler  casing  by 
visual  ^nspection.  Elemcvnt  leaks,  hpwever,  arc 
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more  difficult  to  detect.  Any  noticeable  decline 
or  rise  in  'th<j  fresh-water  tank  level,  with 'the 
.  temperature  remaning  normal,  usually  indicates 
leakage.  A  leak  in  the  tub^s  of  an  oil  cooler  may 
43€  evidenced  by  wpter  in  the  lube  oil  or  by  slicks  ^ 
m  the  cooling  water.  Other  iridicatiohs  are  the 
\   ^apparent  increase  in  the  v6iume  ,of  lube  pU  in 
/ the  j^ngiife  sumps  x>r  the  loss  of  oil  from  the 
sump  without  other. apparent  causes  of  leakage. 

A  hole  made  by  corrosion  in  a*  cooler 
element  indicates  that  corrosiofl  probably  exists 
throughout  the  element,  ind  you  should  make  a 
thorough  insjpectiori.  Corrosion  can  be  prevented 

^  to  a  large  extent  by  ^using  the  prescribed 
freshwater  treatment,  inspecting  and  replacing 
zincs  as  necSssary,  and  venting  the  cooler  to 

^     remove  entrapped  air.  . ' 

•  rtbles  resulting  from  erosion  are  generally 

*  caused  by.  particles  of  grit  (Sand/dirt,  etc  whteh 
J      usually  respl^  frdrh  pperation  in  shallow  wBter) 

\     striking  the  element, at  lilgh  velocity.  For  the.,' 
qiost  part,  such^grit  is  so  fine  that  it  will  pass 
through  the  seawater  strainer.  If  tlie  strainer  is 
-defective,  even  the  larger  particles  of  grit  raay 
.  enter  the  cooler.       .  ^ 

Erosibn  by  water  at  high  velocity  may  also 
cause  holes  in  a  cooler  element.  So^netimes 
water  flow  hds  to  be  increased  above  rated' 
capacity  ^  to  'maintain  the  desi>ed  freshwater 
'  tenlperature.  Whenever  it  is  necessary  to  greatly 
increase  Water  tlow,  the  cooler  should  be 
cleaned,    *  '     .    ^        ,  ' 

If  the  maximum  operatmg  pressure 
(indipated  on  the  exchanger  nameplate)  is 
exceeded;  leaks  are  apt  to  result.  Excessive 
-pressure 'ie  likely  to  occur  wliehever  there  is 
clogging  because  of  the  added,  pre^ure  needed 
to  force  a  given  quantity  of  water  thrpugh  the 
restricted  element.  If  there  is  any^  reason  to 
suspect  that  there  arp  leaks  in  the  heat 
exclianger  element,  the  best  method  of  locating 
thetn  is  to  apply  a  hydrostatic  test.  Conduct  the 
te^t  as  foUov^s:  '  ^ 

L   Remove  the  element  from  casing. 

2.  Block  off  the  discharge  side  of  the 
element. 

3.  Attach  a  pressure  gage  to  the  inlet  line  of  - 
the  element. 


4.  Supply  low-pressure  air  to  the' inlet  side 
of  the  element;  Air'  pressure  must  not  exceed 
design  pressure  for  the  elemej|it. 

5.  Immerse  the  element  in  a  tank-of  watef. 

6.  Check  for  bubbles. 

> 

A  similar  test  can  be  made  by  filling  the 
element  with  water,  under  pressure;  then  watch 
for  bubbles. 

FRESHWATER  TREATMENT  AND  TESTS 

The  purity  of  the  water  ^used  in  the  closed 
circuit  of  an  engine  cooling  system  must  be 
maintained  at  a  high-jevel  to  prevent  the 
formation  of  scale'  an#  to  control  cofrosion 
within  the  cooling  system.  To^  prevent  thes^ 
undesirable  conditions,  fill  the  cooling  system 
>vith  distilled  w^ter  with  zero  badness  and  treat 
the  water  so  that  the  alkalinity  jpid  tJje  sodium 
chromate  and  chloride  concentraitions  arit^ 
maintained    within  Upecified .  limits.  The 

infnrpiatian  ia  -this  ^ctioi)  d^s  with  the  - 

treatment  of  water  useii  in  the  dospd  circuit  of 
an  engine  cooling  system  anti  with  the  tests  used 
to  deteri^ine'^the  effectiveness  of  the  treatment'. 

Nefd  for  Freshwater  Treatment 

7 

'All    water    contains    some,  impurities. 
'^Impurities  dissolved  or  ^usp^^nded  in  the  water 
^  of  an  engine  ccfoling  system  caii  cause  trouble  in 
'  the   system   by  forming   scale   and  causing 
corrosion.  Generally,  scale  forms  only  on  the 
hot  yisurfaces  in  the,  internal  passages  of  the 
engine  pooling  systero,  aild  not  ^throughout  the 
system.  / 

The  forrhaii^n  of  scale  within  the  cooling  . 
-  system  of  anengine  k  caused  primarily  by' 
curtain  sulphates  of  magnesium  and  calcium. 
Since  these  sulphi\tes  are  present  in  sea  watered 
since,  cooling  water  for  shipboard  engines  is 
generally  distille^^rom  seawater,  some  slight 
contamination  of  the  cooKhg  water  must  always 
be  expected.  However,  distilled  water  placed  in 
the  cooling  system  of  an  engine. simplifies  the 
control  of  the  scale-forming  salts. 

^  SCALE    PRIVENTION.-Steps  ^nust.  be 
taken  to  prevent  the  fonnation  of  scale  beC^use^ 
scale  is  a  very  poor 'conductor  of  heat.  If  it  is 
allowed  to  accumulate  in  the  cooling  system  of  ^ 
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an  engine,  scale  will  prevent  the  proper  transfer 
.of  heat  from  the  hot  engine  parts  to  the  cooling 
watef.    Improper   heat   transfer,  particularly 
uneven  heat  transfer,  creates  stresses  in  the 
affected  parts;  these  stresses  may  cause  cylii\der  . 
lihesrs,  heads,  and-  other  parts  of  the  engine  to 
mck.  If  4'he  water  in  the  cooling  system  of  ink^ 
engine  is  properly  treated,  scale  formation 
be  prevenl^d  and  casual  ties,  caused  by  improper 
heat  transfer  will  be  less  likely. 

Unless  the  water  used  in  the  cooling  system 
is  properly  treated,  the  internal  surfaces  of  the 
cooling  system  may  become  pitted  or  eaten 
away  fay  corrosion.  Such  corrosion  generally 
results  from  acidity  oT  the  water  and  oxygen 
dissolved  in  the  water. 

t;ORROSION  CONTROL. --Corrosion  in  the 
tool^  system  of  an  engine  may  lead  to  cracks 
in  bners  ^nd  heads  and  may  cause  seriqus 
^damage  4av-athoT  par ts^ -of  ^hc  cooling  system. 
Corrosion  in  an  engine  cooling 'syst9nj  can  be 
contfoUed  witii  proper  water  treatment.  The 
chemicals  us6d  for,  treating  freshwater  in  engine  - 
cooling  systems  help  -  to  prevent  scale  and 
corro^n  by  maintaining  the  (I). alkalinity /(2)  * , 
chloride    content,    and  .  (3)  chromate 


concentration  of  the 'water  within  specified 
limits.  * 


Tenns  and  Units  Related 
to  Water  Tests  "  / 


The  condition  of  the  treated  water  is 
described  ^  in  various  terms  ^nd  units.  These 
standard  terms  and  anits  are  used  in  recording 
information  regarding  thfe  tests  and  in  jjiaking. 
reports.  \    -  ^ 

-  » 

■  the  term  used  to  identify  the  alkalinity  of 
the  treated  cooling  water  is  "pH."  The  pHtinit 
does  not  measure  alkalinity  directly;  however,  it 
is  related,  to  alkalinity  in  such  a  way  that  a  pH . 
number  gives  an  indication  of  the  alkalinity  or., 
acidity  of  the  eooling  Water,  llie  pH  scale  of 
'numbers  ranges  from  0  to  14.  On  this  scale,  pH 
7  is  the  neutral  point.  Sglutions. having  a  pH 
value  above  7  (as  pH  8,  pH  10,  etc)  are  defined 


as  being  alkaline  solutions;  solutions  having  pH 
values  below  7  are  defined  as  being  -acid 
solutio;?s. 

»  ..  . 

The  concentrations  of  chromate  sknd 
chloride  in  a  test  santple  of  treated  water  are 
indicated  in  terms  of  parts  per  million  (ppm). 
Parts  per-lhillion  is  a  weig^t-per-weight  unit 
denoting  the  number  of  parts  of  a  specified 
sybs'taiice  in  a  million  parts  of  water.  For 
example,  55.5  pounds  of  salt  in  1,000,000. 
pounds  oT  water  represent  a  concentration  of 
58.5  ppm.  Note,  also,  that  58.5  ounces  of  salt 
dis^blved  in  1,Q00,000  ounces  of  water,  or  58.5 
tons  of  salt  dissolved  in  1,000,000  tons  of 
water,  repjesent  the  same  concentration-that  is, 
58.5  ppm.. 


Qiromate,  pH,  and  Chloride  Limits 


To  minimize  serious  corrosion  and  scale 
^'  deposits  and  to  prolong,  the  Ufe  of  the  cooling 
system,  the  treated  water  must  bein^aintained 
within  specified  limits. 
'      .       -  '  -f  . 

The    chromate    concentration    must  be 
maintained  between  the  limits  of  ^00  to  1 700 
ppm.  A  minimum  conpentration  is  specified 
'  because  lower  ,  cOnceij^rations  can  result  in 
accelerated    corrbsipn.    A  maximum 
concentration  is  specified  to  eliminate  waste. 

^  ■  '      ■  •      t.,  ■ 

Tlie  pH  value 'nTust  be  maintained  within  the  ^ 

range  of  8.25  and  9.75.  A  minim"um  value  is 

specified  because  lower  values  can  result  •m> 

accelerated  corrosion.  To  avoid  co/rosion-whiCh 

.occurs  in  highly  alkaline  waters,  the  alkalinity 

:  should  not  be  allowed  to  exceed  a  9.75  value. 

The  chloride  content  mus't  be  kept  to  the 
lowest  value  practicaWe  ands.mu^t  never  exceed 
100 ppm.  ■  . 


Water  treatment 


Th^  treatment  of  water  in  an  engine  cooling 
system  requires  the  use  of  chemicals  to  maintain 
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the  alkalinity  and  chromate  concentration  of  the 
water  at  specified  levels.  If  th^  alkalinity  and 
chromate  concentration,  ^jire  prQperly 
maintained,  scale  formation  and  corrp^ve  action 

'  will  be*  greatly  reduced.  Remember,  however,  . 
that  the  water  treatment  discuss^   in  this 
chapter  is  ^  preventive  treatment  only;  it  will 
not  remove  scale  which  has  already  formed  in 

^   the  gooUng  system. 

Before  initiating  the  water  treatment,  be 
sure  the  cooling  system  of  the  engine  has  been 
thoroughly  cleaned,  using  the  method  outlined 
in  chapter  233  {W412\,  Naval  Ships;  Technical 
^Manual,  ^fter  cleaning,  thoroughly  flush  the 
system  with  freshwater  and  fill  it  with  distilled 
water/ 

•  .  * 
'  If  av'dilable  instrlictions  do  not  indicate  the 
proper  chemical  dos^e  for  a  specific  engirfe, 
you  must  determine  the  capaicity  of  the 
complete  cooling  system  (in  gallons  of  water) 
""before  you  'can  detefrhme  the  propS^  dosage* of" 
chemicals, 

>,    Two  different  combiastions  of  chemicals  are 
authorised  for  use  in  the  Navy  for  treating  water\ 
in    engine    cooling   systems.    Therefore,  f  the 
treatment  you  will  use  for  any  particular  engine 
will  depend  on   which  set  of  cheniicals  is 
available,  tlie  two  combinations  of  chemicals  . 
*  are:  (I)  a  combination^  of  sodium  dichromate 
and    Navy    boiler    compound    and    (2)  a 
combination  of  sodium  dhromate  and  disqdium  . 
phosphate. 

SODIUM    DICHROMATE  AND  BOILER 
CQMP'OUND    TREATMENT.-For   each  100^ 
•gallons  of  cooling  water  to  be  treated,  add  L5' 
pounds  of  sodium  dichromate  and.  3  pounds  of 
boiler  compoMnd  and  dissolve  in  approxin^ately  ^ , 
]  .5  gallbns  of  warm  distilled  water.  This  solutioli 
is  usually  added  ta  the  cooling  system  at' the 
.  expansion  tank.  Circulate  th?  solution  through 
the  system  for  at  leasjt  10  miriutes^'^rhen  draw, 

a  1/2-pint  sample  ^f  the  treated  water,  allow 
it  to  cool  to  at  legist  SO°F,  and  test,  it  ^o 
determine. the  chromate,  alkalinity,  and  chjqride  - 
concentration.  The  proaeduries  for  conducting 
the  required  tests,  using  the  test  kit  provided  fdr 
tliis  purpose,  are  discussrcud  later  in  this  chapter 
under  thejheading  of  ''Water  Tests/'  ' 


After  initial  treatment,  you  must  test  the 
cooling  water  after  each  day  of  operation-  When  ^ 
it  becomes  apparent  that  the  concentration  oif 
chromate  and  alkalinity  will  not  drop  below  the 
prescribed  minimum,  you  may  increase  the 
interval  between  tests  to  the  maximum  of  once  a 
month'  as  prescribed  by  the  Planned 
Maintenance  System. 

\flf  tests  reveal  that  the  chromate 
concentration  drops  belo^jj  700  ppm,  add  a 
solution  containing  one'  pound  of  sodium 
dichromate  and  two  pounds  of  boiler  compound 
for  each  100  gallons  of  cooling  water.  TJie 
addition  will  bring  the  thromate  concentration^ 
within  the  sg|cified  range.  If  the  alkalinity' is  too 
hi^,  omit  the  boiler  compound  in  the^lution,- 
The  addition  of  sodium  dichromate  alone  will 
reduce  the  alkalinity.  *  ^ 

'  To  correct  ajow      value,  add  a  solution 


cpntaihihg"  I  .S^pmfhds*  orBdfli'er  Vom 
each  100  gallons  of  cooling  Water.  This-addition 
should  bring  the  pH  value  within  the  specified 
range.  If  tests  reveal  that  alkaUnity  is  high  and 
chromate  concentration  is  \ov^  *add  sodium 
dich^romate  alone  before  adjusting  the  alkalinity. 
If  ths.^  alkalinity  is  too  high  and  the  chromate 
concentration  is  within  the  specified  range,  drain 
25%  of  the  cooUng  water  from  the  system  and' 
.  refill  with  freshwater.  Circulate  the  coolant 
througli  the  system,  retest,  and  treat  as 
necessary. 

Tlie  concentration  of  chlorides  in  'the 
.  cooling  water  must  NEVER  be  allowed  •  to 
exceed  100  ppni.  If  the  teist  indicates  that  this, 
hmit  is  exceeded,  ^ the  entire  system  must  be 
drained  and  the  sotirce  of*  xhloride 
contamination  must  ^e  located  and  remedied. 
Thei},  flush  the  sy4em,  'refill  withf  freshwater, 
and  chemically  tr?at  to  the  proper  limits.  ^ 

.  .  SODIUM  CHROMATE  \Nt)  DI^OOIUM 
PHOSPHATE  T^EATMEkT.-When'  using 
sodium  chromate  and  ^isodium  phosphate  for 
cooling'  water  -treatment,  follow  ^e  sarfts 
prpt^edures  for  preparing  the,  system,  mixing  the 
so(ution,  testing  and  controlling  th'e  chromate 
comsentration  and  alkalinity  that^you  used  folr 
sodium    dichromate"^    and    boiler  compound 
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treatment.  The-  onTy  difTerences"  between  the 
two  treatments  are  ( 1 )  the  chemicals  used  and 
(2)  the  amounts  used.  . 

T^»/nitiate  Aie  water  treatment  using  sodium 
chrom«e  and  disodium  phosphate .  for.  each  1 00 
gallons  v^f  cooling  water  to  be  treated,  mix  a 
solution  consisting  of  1.5  pounds  of  sodium  and 
l.S  pounds  of  disodium  phosphate  compound 
aissolved  in  Approximately  1 .5  gallons  of  hot 
distilled  water.  Add  this  solution  to  the  cooling 
system,  circulate  in  the  system,  and  conduct 
tests. 

If  tests  reveal  that  the  .  chromate 
concentration  is  below  700  ppm,  a  solution 
containing  1  pound  of  sodium  chromate  and  V 

/  pound  of-  disodium  phosphate  should  be  added 
for  eaChylOO  gallons  of  cooling  water.  The 
addition  will  bring  the  chromate  concentration 

_and  pH  value  within  the  specified  range.  


,  If  tests  reveal  that  the  pH  value  is  low. 
(below  8,25X  add  a  solution  containing  1  pound 
of  disodium  pKbspha^te  for  each  100  gallons  of 
cooling  water.  This  addition  should  bring  the  pH 
^    value  above  the.  specified  minimum.  If  the  pH 
^    ^lue  is  found  to  be  too- high  (abcjye  9.75),  drain 
.    25%  of  the  cooling  water  from  tht;  system  and 
refill  with  freshwater.^  Circulate  the  coolant 
-    ^through  "^he    sysjjim,    retest,    and  treat  as 
J     nec^ss^y. ,         '        '  . 

■      '■■    'i  ^     ^    .  . 

.  If  tests-^veal  that'  chlopid^iconcentr^on 
exceeds  the' prescribed  limi^  (above  100  ppm)' 
drain  the  entire  system,  lotati  the  source  of 
chloride  contamination,  and  remedy  the.trouSfe. 
^Then^^h  the  system,  refill, with  freshwater, 
and  chemically  treat  to  the.pfoper  Hmits.    '  ~ 

^Conducting  Tests  * 

'        '       '  •      v"*-  '  •* 
The.  test -kit -"provided   for  testing  engine 

'  cooling  water  is  specifically -desigrtJi^d  to  enable 

shipboard    personnel    to  PfcOnduct  chromate, 

•    alkaljnity  ipm,  and -chloride  tests  quickly  and 

easily.  The  ^  contains  all  the  dquipStent  and  ' 

c     chemicais  .  necb^sary  to  perform  the  requires 

tests.  '      >    ■     \ "  '     '  . ' 

'nie-<ests^or /bhrdmate  and  alkalinity  by 

color  comparison 'in  w^hich  thelcoloi'  qf  fhe  test 

'      '\  .         .  1 


,  sample  is  comp^d  with  the  color  of  two  glass 
disks  representing  the  specified  maximum  and 
minimum  limits.  The  chloride  test  is  -of  a 
different  type;  the  chloride  concentration  is 
determined  by  noting  the  color  and  condition  of 
the  sample  afterj^he  addition  of  a  chloride  test 
\tablet,  ^^^^^  ' 

Before  taking  a  test  sample  of  the  cooling 
water,  drain  ^yatet«  from  the  drain  cock  for  ^ 
several  seconds.  Then  draw  off  a  i/2-pint 
^  sample.  Allow  it  to  cool  to  at  least  80*^  before 
testing.  If  suspended  material  is  noticed  in  the 
sample,  fil|er  the  water  to  keep  the  suspended 
material  from  interfering  with  the  colorimetric . 
tests.  j ' 

To  filter  the  sampl^,  fc^ld  a  circular  filter 
.  paper**"to  form  a  cone.  Place  the  cone  in  the 
funnel  which  is  provided.  Wet  the  cone  with 
distilled  water  and  press  the  upper  edge  of  the 
aine  to  the  funnel.  Place  the  funnel  in  the 
"""cyTina"ncaI  sampfe  bottle  or  other"ciear,'sui table  ' 
container.  Carefully  pour  the  sample  water  into  ^ 
the  cone.  .  " 

When  'performing  chromate  and  pH  tests,  use 
either  natural  daylight  or  a  dayliatit  fluorescent 
lamp  as  a  li^t  soufce.  Do  not  use  incandescent 
lighting,  'as   the    results    obt^ned    wiW  be  ' 
erroneous.  When  you  make  tests  in  natural- 
daylight,   hold "  tlie  '  coTnparator   up   to  the 
•  brightest  part  of  the  sky,  but  about  30"  from 
the.  si?n.  Avoid  strong  light  on  the- observer's  side 
of /the  comparator,  a*  reflections  will  interfere 
'  with  the  necessary  comparisons.  If  possible,  the' 
observer  and  comparator  should  be  in^a  shadow.  - 
To   cortduct  the  test  to  determine  the 
'  •  chromate  concentration,  proceed  as  follo\^s: 

1.  Fill  the  "^fet  tube  with  cooling  water 
sample  and  place  in  the  center  positiQ;n  of  the 

,  comparator.  ' 

2.  Hold  the  comparator' to  a  suitable,  light 
source. 

'3^  If  the  oolor  of  the  sample  is  bet^ween  the 
colors  pf  -i^e  'disks  marked  700^_and  1700,  the 

,  chromate    concentration   is   satisfactbfy.  Be, 
careful  to  note  ^he  dolor  rather  than  the 
intensity.of  color.  *Do  not  compare  tjie  darkness'  ' 
or,  lightness  of  the  colors,  rathei,  detennine 

-  whether  the  sample  is  yellower  or  bluer  than  the 
color  disk  standards.  .4.  ^.  ' 
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4.  If  the  color  is  bluo"  (bluish -green)  than 
the  ^color  diiUc  marked  7Q0.  the  chromate 
content  is  too  low,  *  ^ 

5..  If  the  color  is  yellower  (yello^ish-gree^ 
than  the  color  disk  marked  1700,  tiie  chromate 
content  is  high.  High  ^hfomate  content  Is  not 
liarmfuJ  but  is  wasteful/ 

To  conduct  the  test  to  detem^ine  the  pH 
(alkalinity)  value,  proceed  a* follows: 

K  Fill  three  test  tubes  to  the  prescribed 
mark  with  cooling  water  sample.  -  * 

2.  Add  1 5  drops  of  rII  indicator  to- one  test 
tube,  shake,  and  pjace  in  center  position  in 
comparator.  Place  the  other  two  test  tubes  in 
the  remaining  positions  in  the  comparator. 

3.  Hold  Comparator  to  a  suitable  light 
source. 

4.  If  the  color  of  the  sample  is  between  the 
colors  on  the  color  disks  rnarked  8.25  and  9,75, 
pH  is  satisfactory. 

5.  If  the  color  is  yellower  (yellowish-green) 
than  the  color  disk  marked  8.25,  th&pH  value  is 
low.  - 

6.  If  the,  color  is  bluer, (blUish-green)  than 
the  color  disk  ntarked  9.75,  the  pH  is  high. 


To-.te?t  for '^chloride  concentration,  it  is 
^  nece^sa^  that*  the  sample' to  be  tested  cqj^^^s 
chromate  and  is  alkaline.-  ITie  chloride  iSt, , 
therefore,  should  be  run  after  the  chromate  and 
alkalinity  have  been  determined  (and  corrected 
if  necessary)  to  ensure  the  proper  conditions. 
Should  it  be  necessary  to  perform  the  chloride 
test  before  adjusting  the  chromate  content  and 
alkalinity,  -  the  sample  must  have  .  the' 
characteristic  fellow  color  of  yfiromate. 

To   conduct  the   test  to  determine,  th^ 
*  chloride  trontenfe  proceed  as  follows: 


1.  nil  the  cylindrical  sample  bottle  to  the 
$0-milliliter  mark  with  cooli^^g  water  sample. 

*  2.  Add  one  chloride  test  tablet,  insert  ^ 
stopper  in  the  bottle/  and  shake  until  tablet  is 
cpmpletely  dii^so^ed.  \ 

*  3.  if  the  salhple  develops  a  reddi&h-b»own 
color,  the  4:hioride  content  is  below  the  safe 
maximum  J  iM'it.         *  ^ 

4/^f  the  sample--  becomes  a  cloudy 
yellow-green,  the-chloridti  cbntetit  is  bigh. 


Ships  that  are  not  equipped  to  conduct  the 
required  tests  for  chromate,  alkalinity  (pH),  and 
chloride  concentration  in^^angine  cooling  wafer, 
may  submit  samples  of  cooling  water  to  the 
nearest  naval  shipyard,  tender,  or  advanced  base 
laboratory  for  analysis.  Where  test  facilities  are 
not  available,'  the  coplir^  system  must  be 
drained,  flushed /refilled,  and  chemically  treated 
at  intervals  of  not  mori^than  3  weeks. 


SAFETY  PRECAUTIONS^ 


ERiC  1 


Diesel-driven  ships  built  in  recent  years  have 
(installed  aboard)  a  new  type  distillling  plant  that 
uses  diesel  engine  jacket  water  for  a  heat  source. 
Although  the  jacket  water  dctes  not  come  in 
direct  contact  with  the  distilied  water,  the 
chance  of  a  leak  is  still  present.  Since  chrpmate 
chemicals  are  considered  health  hazards,  they' 
are"NOT  to  be  used  in  engines  that  isiipply  jacjcef 
water  as  a  heat  source  to  evaporators.  In  such 
installations,  soluble  oil  inhibitors  are  used 
instead  of  Qiromate  chemicals.  If  you  encounter 
such*  a  system  and  do  not  have  a  soluble  oil 
inhibitor  speCifioition  for  your^^  installation, 
contact  N^VSEC  for  instructions.  ^ 

^The  chromate  chemicals  used  in  water 
treatment  of  cooling  systems  are  classified  as  a 
health  hazard.  Personnel  should  avoid  any 
contact  of  skin  or  eyes  with  chrpmates  in  either 
a  solid  form  or  a  solution.  Also,  avoid  breathing 
chromate  dust^  or  solution  spray.  Personnel 
involved  in  handling  chromate  chemicals  should 
use'  available  '  protective  equipment.  The 
protective  equipment  to  be  used,  such  as 
goggles,  face  shields,  rubber  gloves,  aprons,  and 
dust  respirators  should  be  consistent  with  the 
•  iype  and  ckgree  of  hazard  involved.  When  the 
skin  has  pome  4n  contact  with  chromates,  the 
affected  areas  should  be  washed  with  plenty  of 
soap  and  water  immediately ^fter  exposure. 

Suitable-  precautions  ,must  takefil  to^ 
prevent  contamination  of  the  ship'js  potable 
freshwater  system.  Backflow  of  the;  engine 
'  cooHng  water  through  the  filling  r6nnection 
must  be  prevented.  Speciikations  require  that 
an  air  gap  remain, bet  ween  me  freshwater  supply 
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and  fill  connection.  This  arrangement  must  NOT 
be  altered. 

When  the  icngine.  cooling  system  must  be 
protected  frofti  freezing,  glycol  base  antifreeze  is 
used.  The  antifreeze  solutions  specified  by  the 
Navy  contain  their  own  inhibitors  which 
adequately  protect  the  cooling  system  from 


corrosion.  Therefore,  no  additiorial  inhibitors 
are  required.  ,  ' 

Whenever  it  is  necessary  to  change  from  one 
type  of  water  treatment'  to  th,e.  other, 
completely  drain  and  flush  .the.  system  free"  of 
any  chromates  or  glycol  base  antifreeze  to 
prevent  any  mixing  of  these  materials..        '  - 


.  f 
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^  CHAPTER  9 

ENQNE  LUBRICATING  OIL  SYSTEAAS 


Lubrication  is  as  important  to  successful 
engine  operation  as  air,  fuel,  and  heat  are  to 
combustion^.  Lubrication  is  frequejitly 
considered  on'e  of  the  most  important  factors  in 
efficient  engine  operation.  It  is  important  not 
only  that  the  proper  type  of  lubricant  be  used, 
but  also  that  the  lubricant  be  supplied  to  the 
engine  parts  in  the  proper  quantities  at  the 
proper  temperature  and  that  proviaons  be  made 
to  remove  any  impurities  which  enter  the 
iystem. 

For  proper  .operation  of  an  engine  the 
contacting  surfaces  of  all  moving  parts  of  the 
engine  must  be  kept^ree  from  abrasion  and 
tl]iere  musj  be  a  minimum  of  friction  and  Wear. 
Sliding  contact  between  two  dty  nietal  surfaces 
under  pressure  causes  excessive  friction,  heat, 
and  wear.  Friction,  heat,  and  wear  can  be  greatly 
red^ced^  if  metal-to-metal  contact  is  prevented 
by  aTClean  film  of  lubricant  l>etween  the  metal 
surfaces.  The  necessary  filrn  between  the  bearing 
surfaces  in  naval  machintjry  is  provided  by  either 
a  specified  oil  or  grease.  »  '  • 


FUNCTIONS  OF  OIL 


A  lubricating  oil  with  the  necessary 
properties  and  characteristics  wH!:  (I)  provid^  a 
film  of  proper  thickness  ^between  the  bearing 
surfaces,  under  all  conditions  of  operation; ^2) 
remain  stable  under  changing  temperature 
conditions;  and  (3)  not  corrode  the  metal 
surfaces^  If  the  lubricating  oil  is  to  meet  these 
requirements,  ^the  engine  'temperature  during 
operation  must  NOT  exceed  a  specified  limit. 


In  addition  to  preventing  metal-to-metal 
contact,  the  lubricating  6il  must  also  (1)  fomwi 
seal  between  the  piston  rings  and  the  cylinder 
wall,  (2)  aid  in  engine  cooling,  and  (3)  aid  in 
keeping  the  inside  of  the  engine  free  of  sludge. 

PROTECnVE  FILM  , 

A  direct  metal-to-metal  moving  contact  is 
similar  to  a  filing  action.  The  filing  action  is  due 
to  minute  irregularities  in  the  surfaces.  The 
severity  of  the  filing  action  depends  oh  the 
finish  of  the  surfaces,  the  force  witn  which  the 
surfaces  are  brought  into  contact,  and  the 
relative  hardness  of  the  materials  used. 
Lubricating  oil  fills  the  minute  cavities  in 
bearing  surfaces  and  forms  a  film  between  the 
sliding  surfaces  to  prevent'high  friction  losses 
.and  rapid  wear  of  engine  parts,  Ths  lack  of  a 
proper  oil  film  will  result  in  a  seized  (frozen) 
piston,  wiped  bearings,  and  stuck  piston  rings.  /  . 

'  ■  ^    ■  ■! 

.  COOLINQ 

Lubricating  oil  assists  in  cooling  the  engine 
^by  transferring  or  carrying  away  heat  from 
localized  "hot"  spots  -in  the  eiigine.  The 
principal  parts  from  which  oil  absorbs  heat  are 
the  bearings^  the  journal  surfaces^  and^the 
pistons.  In  some  engines,  the  oil  carries  tfce  heat 
to  the  sump  where  the  heat  dissipates  in  the 
mass  of  oil.  However,  most  modern 
internal-combustion  engines  use  a  centrali^fed 
pressuie-feed  lubrication. system.  This  type  of 
system  has  an  oil  cooler  or  heat  exchanger  where  - 
the  heat  from  the  oil  is  transferred  to  the 
circulating  water  of  tfie  cooling  system. 
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SLUDGE  CONTROL 

yUmost  any  type  of  guminy  or  faonaceous 
materia]  which  accumulates  in  lubricating  oil  is 
called  sludge.  Most  engine  lubricating  oils  have 
some  natural  ability  for  preventing  conditions 
which  may  cause  sludge  to  form  and  for  carrying 
sludge  that  does  form  in  a  finely  suspended  state 
until  it  *is  removed  by  filtering  equipment 
Chemicals  are  added  to  some  oils  to  improve 
their  ability  to  prevent  and  to  remove  sludge. 

The  formation  of  sludge  is  greatly  reduced 
when  the  lubricating  oil  has  the  proper  stability. 
Stability  is  defined  as  the  oil's  ability  to  resist 
oxidation  and  deterioration  for  long  periods. 
Proper  stability  is  essential  for  maintaining  a 
strong  oil  film,  or  body  of  oil,  at  varying' 
temperature  conditions.  Such  a  film  will  ensure 
suifldent  oiliness,  or  film  strength,  between  the 
piston  and  the  cylinder  wall  so  that  partly 
burned  fuel  .and  the  exhaust  gases  cannot  get  by 
the  piston  rings  to  form  sludge. 

Various  factors  may  tend,  to  cause  sludge  to 
form  in  an  engine.  Carbon  from  the  corhbustion 
chambers  or  from  the  evaporation  of  oil  on  a 
hot  surface,  such  as  the  underside  of  a  piston, 
will  cause  sludge  to  form.  Gummy,  partially 
burned  fuel,  which  gets  past  the  piston  rings,  or 
an  emulsion  of  lubricating  oil  and  water,  which 
may  enter  the  lubricating  oil  system,  will  also 
teftd  to  cause  sludge.  ^ 

Sludge  in  the  lubricating'  oil  system  of  an 
engine  is  hijrmful  fo^/^veral  reasons.  In  addition 
to  t'arbon  and  gummy  material,  sludge  may 
contain  abrasive  ingredients,  such  as  dust  from 
the  athiosphere;,  rust  as  a  rt^sult  •  of  water 
condensation  in  the  engine;  and  metallic 
particles  resulting  from  wear  of  engine  parts. 
Sludge  in  ungine  lubricating  oil  causes  premature 
wear  of  parts  and  eventual  breakdown  of  the 
engine.  Sludge  may  clog  the'  oil  pump  screen  or 
collect  at  the  end  of  the  oil  passage  leadi%  to  a 
bearing  and  prevent  sufficient  oil  from  reaching 
the  parts  to  be  lubricate^  Sludge  will  coat  the 
inside  of  the  crankcase,  act  as  insulatio'n,  blanket 
the  heat  inside,  'the  engine,  raise  the  oil 
temperature,  afi^  induce  oxidation.  Sludge  will 
accumulate  on  the  underside  of  the  pistons  and 


prevent  proper  heat  transfer,  thereby  raising 
piston  temperatures.  Sludge  in  lubricating  oil 
also  contributes  to  piston  rin^*sticking. 


CHARACTERiSTICS  AND 
TESTS  OF  OIL 

Lubricants  obtairjed  by  .the  Navy  aire  tested 
for  such  characteristics  as  viscosity,  pour  point~ 
flashpoint,  fire  point,  autogenous  ignitjon  point, 
■neutralization    number,    demulsibUity,  and 
precipitation  number.  The  lubricants  must  meet 
.    the  following  requirements : 

.  1.  fhev  must  have  a  suitable  viscosity  at 
the  operating  temperature  of  tlie  bearing  being 
lubricated. 

2.  They  niusj  form  durable  boundary  rdms 
on  the  metal  rubbing  surfaces. 

3.  They  must  not  chemically  attack"  the 
jpumal  or  the  bearing>metals. 

4.  They    must  ,  not    change  chemicqil 
composition  with  use 

\ 

VISCOSITY  s 

tlie  tendency  of  a  liquid  to  resist  flow  or 
change  of  shape  is  known  as  viscosity.  A  liquid 
of  high  viscosity  flows  very  slowly.  The  viscosity 
of  oil  varies  with  an  increase  or  a  decrease  in 
temperature.  Viscosity  decreases  when  the 
temperature  is  increased,  and  increases  when  the 
tei^iperature  is  decreased.  (On  a  cold  mcH-ning,  it 
is  difficult  to  turn  over  an  engine  because  of  the 
'  high  visccJSity,  or  stiffness,  of  the  lube  oil.) 

Viscosity  at  operating  temperatiires  should 
be  hiigh  enough  for  the  oil  to  maintain  a  fKfW 
film  regardless  of  the  load  imposed  upon  it. 
Howevef,  the  viscosity  should  not  be  so  high 
that  it  causes  drag  or  excessive  fluid  frictfon,  ^ 
which"  in  turn  reduces  engine  efficiency  and 
results  in  high  bearing  temperatures.  The 
viscosity  at  operating  temperatures' determines 
the  fliiid  friction,  the  heat  generated  in  the 
bearing,  and  the  rate'  of  flow  of  the  "oil  under 
given  conditions.  Therefore,  you  must  know  the 
viscosity  of  oils  at  operating  temperatures  to 
select  the  proper  oil  for  a  specific  purpose. 
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Detennining  the  Viscosity  ^ 

The  measure  of  the  viscosity  of  au  oil  is  the 
number  of  seconds  required  for  a  specified 
quantity  {60  cc)  at  a  specified  temperature  to 
flow  through  a  standard  fftrifice.  When  "^le 
viscosity  of  an  oil  'is  measured,  the  result  is 
reported  in  a  three-unit  term  containing  (1 )  the 
number  of  secohd&^quired  for  the  sample  of  oil 
to  pass  through  the  orifice,  (2)  the  typ^j  of 
viscosimeter  used  (this  indicates  the  orifice  size), 
and  (3)  the  temperature  of  the  oil  tested.  Navy 
fuel  oil  is  generally  tested  in  a  Saybolt.Furol 
viscosimeter  (illustrated  in  fig.  9-1),  .  and 
lubricating  oil  is  generally  tested  iyi  a  Saybolt 
Universal  viscosimeter.  Thus,  the  viscosity  ot^a 
fuel  oil  might  be  expressed  as  '*20  seconds; 
Saybolt  Furol  (SSF),  at  1  F^'  (standard 
terhperature  used  for  testingMuel  oil).  The 
viscosity  of  a  lubricating  oil  migBt  be  expressed 
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Figur«  9-1. -Saybolt  Furol  Vi^CQfimeter. 
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as  '*190  seconds,  Saybolt  Universal  (SSU),  at 
130°  F/'  For  testing  a  lubricating  oil^  130''  F  or 
210*^  is  used'  as  standard  temperature, 
depending  upon  the  symbol  of  tjje  individual  oiL 
You  can  find  the  correct  tcmi>erature  to  be  used 
for  each  specific  symbol  of  Tubricafing  oil  in 
chapter  262  (9450)  Naval  Ships'  Technicat 
Manual  ^^'^'''^"^"^s^ 

only  differcnce  between  the  Saybolt 
Furol  viscosimeter  and  the  Saybolt  Universal 
viscosimeter  is  the  si^e  of  the  discharge  orifice. 
About  one-tenth  the  time  is  required  for  a 
specific  quantity  of  oil  at  a  given  viscosity  to.  ^ 
flow  through  the  oritlce  of  a  Saybolt  Furol 
instrument  as  througli  the  orifice  of  a  Saybolt 
Universal  viscosimeter. 

Since^temperature  is  an  important  factor  in 
determining  viscosity,  you  must  watch  the 
thermometer  readings  carefully.  The  Saybolt 
Furol  viscosimeter  has  two  thermometers:  one' 
to  record  the  temperatuce  of  the  outer  bath 
vessel,  tlie  other  to  check  X\\t  tempertture  of  the 
oil  being  tested.  ^  - 

As  an  EN,  you  should  be  familiiir  with  the- 
recommended  procn^dure  .  for  checking  'the 
viscosity  of  a  lube  oil.  We  cannot  overemphasize 
the  importance  of  using  lube  oil  of  the  correct 
.viscosity.  When  making  an  oi)  change,  y(5u  can 
easily  ensure  that  the  right  oil  is  used.  However, 
the  viscosity  of  the  lube  oil  h)  an  engine  i;hanges 
while  the  engine  is  running;Hhe  change  is  usually 
toward  a  lower  viscosity  because  of  DILUTION 

witiilruei'oir.     .  •  " 

A  simple  device  for  checking  dHutipn  is  the 
VISGAGE^  shown  in  figure  9-2.  (the  master 
tube  is  Tilled  and  sealed  at  the'factdry;  you 
should  NOT  tamper  with  tliis  instrument.)  The 
visga^e  consists  of* two  glass  tubes  attached" to  a 
scale  calibrated,  in  Seconds,  Saybolt  Universal 
'(SSU;)  at  100"^  F.  The  MASTP;R  TUBE  (upper^ 
tube)  coatains  a  small  steel1)all  immersed  in  oil 
which  has  a  viscosHy  of  200,  SSU  at^OO^  F 
(standard  for  testing  other  oils)/ 

Tlie  TRIAL  TUfiE  is  similar  to  the  paster 
tube  but  has  a  plungfer  for  drawing  a  sample  of 
oil  into  the  tube  for  testing.  The  steel  ball  in  the 
triaMube  is  identical  with  the  one  in  the  master 
tube. 
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MASTER  Tl«: 


1 


78^29 
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Before  studying  the  operation'of  the  visage, 
notice  the  two  scales  between  the  tubes  (fig. 
9-2).  Both  scales  are  used  to  read  the  viscosity  of 
sample  oils  drawn  into  the  trial  tube.  Scale  A, 
adjacent  to  the'  master  tube,  is  calibrated  from 
zero  at  the  right  to  200  at  the  left,  and  scale  B. 
adjacent  to  the  trial  tube,  from  200  at  the  left  to 
2,000  at  the  right:  *  ^ 

* 

When  -using  a  visgage,  put  a  small  sample  of 
oil  in.  a  clean  container.  Insert  fhe  nozzle  of  the 

/~Tfral  tutee  into  the  oil  and  dfiw  the  plunger  all 
the  way  up,  filling  the  trial  tube  with  oil!  Then 

:  tilt  the  left  end  of  the  instrument  down  at  about 
a  30°  angle,  so  that  the  two  steel  balls  roll  down 
through  the  two  oils.  Be  careful  to  keep  the 
sample  oil  from  coming  out  of  the  nozzle, 

if  the  viscosities  ^f  the  -sample  and  the 
standard  oil.  differ,  the  two  steelballs  wii^move 
downward  at  4jfferent  speeds  4«  the  tubes.  As 
the  leading  ball  approaches  the^O  line  at  the ' 
left  end  of  the  scale,  gradually  tilt  the  |eft  end  of ' 
the   visgage   upward.   Tilting   will  'slow  the« 
movement  of  the  steel  balls. 

At  the  instant  the  leading  ball  reaches  the 
200  line,  bring  t tie  visgage  back  to  level  and,  at 
the  same  timis,  read  the  position  of  the  lagging 
or  slower  moving  ball  on  the  nearest  scale.  That 
rdading  will  be  thfr  visapsity  of  the  sample  oil,  in 
SSUat  100°  F.       '  ■ 

If  the  ball  in  the  upper  tube  travels  faster, 
read  the'  position,  on  scale  B,  of  the  ball  in  the 
-trial  tube  at  the  moment  the  upper  ball  reaches 
the  200  line.  That  reading  vi?ill  be  the  viscosity 
of  the  sample  oil  at  100°  F  (for  example,  275 
SSU). 
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the  lowe^  ball  (in  the  sanlp^  oil)  Pavels 
faster,  read  the  position,  on  scale  A,  of  the  ball 
in  the  master  tube,  at  the  moment  the  lower  ball 
reaches  .the  200  line.  That  reading  (for  example, 
125  SSU)  is  the  viscosity  of  the  sample  oil  at 
100°  F. 

If  the  two  bails  move^at  the  same  speed  and 
reach  .the  le'ft  end  of  th?  visgage  together,  the 
'Viscosity  of  the  sample  oil  is  the  same  as  that,o|U 
the  standard  oil. 

Remember  that  the  temperature  of  boih  the* 
sample  oil^and  the  standard,  ^oil  should  be 
approximately  "lOO''  F.  By  holdirlg  the  gage  for  a 
few  minutes  in  the  palms  of  your  hands,  you  can 
adjust  the 'temperature"^  the  oils  by  warming 
the  oils  to  biody  temperature  (98.6"  F),  which 
approximates  190°  F.   "    ,  .    ■  y 

Merely  determining  the  'viscosity  Qf  Jme 
sample, I  lube  oil  doesTiot  solve  the  quesUem  of 
Whethei-  the  lube  oil  has  becom'e  diluti^^  such 
an  extent  that  it  should  no  longer  be  u^d.  After 
usin§  tile  visgage  to  determine  the^^cosities  of, 
both  the  new  and  the  old  '6ils,  v<^  should  then ' 
turn  to  a  DI1;UTI0N  CHARWig:  9-3).  Such  a 
chart  shows  how  to  detenrni^  the^  percentage 
'  the  lubricating  oil  is  di)u|ed  by  the  fuel  oil, 

A^ume  that  the><lscosity  of  the  new  oil  (A^ 
('in  fig.  9-3)  is  55()/ecbnds  and  that  of  jthe'usJd 
oil  (B,  in  fig.  480  Seconds.  Valuk  A  aid 

B  are  found/on  the  chart  and  the  re§p^tive  . 
horizon tal^d  veftical  lines  drawn  to  the  point 
of  inters<^ction,  C..  the  latter  point  falls  on  the 
>J^hich  indicates  that  the  used  lube  oil 
hasten  diluted  2%  by  the  fuel  oil, 

A  lub^  oil  should  be  changed,  when  it  has  a 
dilution.  Under  certain  'conditions- vthe  oil 
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VISCOSITY  -  OILUtiON  CHART 

ROR  CNECICINO  OiLUTIOJI  OF  USED 
DIEStL  EHCrHC  LUBRiCATiMC  OILS 
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VISCOSITY,  SAYBOUT  UNIVERSAL  SECONDS,  AT  100"F,  ' 

USEDOtt  ' 


Fi^Mrt  8-3.-Lubricating  oil  dilution  ch«rt.: 
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should  be^changed  soorter-if  the  mechanjsm  is 
operating  "under  heavy  .load,  or,  if  you^  are 
pfeparing  for  a  Ic^g  run  and  therefore  ma^'  not 
get  a  chance,  to  change  thc-oil.  Lut^ricatirig  oil 
should  be  tested  for  fuel  dilution  once^every/^ 
hours,  in  operating  engine^  arid  oncq  each- week 
i^i4dle  engines.  '  , 

I  '  •  '       ■        .  •*    .  . 

Conversion  of  Universal  * 

and  Parol  ,     '  *  ' 


Viscosity  of  lubricating  oil  is  always 
expressed  in  Seconds,  Saybolt,  UqiversaK 
However,  in  t\iel  oil  testing,  \dscbsity  may  be 
expresse'd  in  either  Seconds,  Saybolt-Furol  or  in 
S<Jcond&,  Saybolt  'Oniversai;  thereforo-,  you  may 
need  to' convert  from  SSF  to  SSU."  Foi*  most 
practical  purposes,  viscosities  between  50  and 
100  S^E  can  be  converted  into'.SSU  .by 
muUiplymg  by  10:jielow  50  seconds,  Saybolt 
Fuijl^  the  .  Saybolt"  Universal  seconds  can  be' 
determined"  by  referring,  to  the,  tables  of 
technical  data  in  Naval  Ships'  Technical Mmudl 


Precaudons  In  Using 
A  Viscosimcter 


POUR  POINT 


•Tlie  lowest  temperature  at  whiclTairoii  will 
barely^  flo\v  from  a  cqntainer  i§  known  as  the 
pour  point.  Tijis  property  is  closely  related  to 
viscosity  and  the  paraffin 'content;  an  oil  of  high 
viscosity  will  have  a  l^igher  pour  point  than  one 
of  low  viscosity,  and .  the  higher  the  p&raffin 
content  <he  higher  the  pour  point.  In  cold 
weather  an  oil  having  §  high  viscosity  may  bC' 
difficult  to  pump  through  the  lubrication  system 
of  an  engine,  thus  causing  starting  difficulties. 
The  pour  point  js  especially  important  for  oils 
used'"  with  refrigeration  units  and 
internal-combustion  engines. 

FLASHPOU^T  : 

.  The  flashpoirit  of  an  oil  is  the  lowest 
temperature  at  which  flammable  vapors  given 
off  will  flash  into  flame  when  brought  in  contact 
with  a  flame.  The  minimum  required  flashpoints  , 
vary  from  315°  F  for  the  lightest io  5"10°  F  for' 
"the  heaviest  forced -feed  joils  andiVOTn  345°  F  to 
525°  F  for  the  various  engine  and  cylinder  oils.' 

'     \*  , 

FJRE  POINT  f 


The  precautions  you  should  take  when  ^sing 
-  a  Saybolt  viscosimetcr  are  as  follows: 

■  1.   Oean  the  tube  properly  before  gach  tesf. 

i'  .     2.    Do    not   use  a  drill,   or  o{her  hard 
•  instrument,  in  the  small  outlet  jel  on  the  tube 
proper.  If  it'beco.mes  necessaryjo  rid  the  jet  of 
foreign  matter,  pull  a  piece  of  gJaited  fishing  line 
lightly  back  and  forth  in  the  jet. 

3.    Keep    the    tube    covered    when  the 
instrument  is  not  in  use. 

•  4.   Remove  soot  by  boiling  the  tip  of  the 
-heater  in  water;  be  careful  not  to  wet  the 
electrical  connection.' After  boiling,  you  can 
,  easily  rub  off  the  soot. 

S.   See  that  the '  temperature  of  the  bath  is  ; 
not    raised    higher    than    the   spale   of  the 
thermometer  being  used.    \  ..■ 


The  fire  point  is  the  lowest  temperature  at 
which  the  vapor5  given  off  "by  the  oil  wiU 
continue  to  bum  when  ignited. 

AUTOGENOUS  IGNITION  POINT  . 

The  temperature  at  which  fiammable  vapors 
given-  off  from  ah  oil  will  bum  without  the 
application  of  a  spark  or  flame  is  known  as  the 
autogenous'  igijjtion  point.  For  most  lubricating 
/  oils,  the  autogenous  ignition  temperature  is  in 
the  range  of  465°  to  815°  F. 

Lubricating  oil  with  an  autogeno||"ignition 
point  (ignkion  temperature)  of  4'^5°  F  will 
spontaneously  ignite  if  a  portion  'of  it  (or  its 
vapors)  comes  in  contact  with  temperatures 
atound  500°  F.  The -same  oil  iscapable  of  li>eing 
ignited  with  a  match  or  a- spark  m  temperatures 
as  low  as  350°  F  (fire  point),  and  the  oil  wiU 
flash  across  the  surface  when  cooled  to  315°  F 
(flashpoint). 


ERIC 
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CAlRBON  RESIDUE 


The  carbon  that  remains  in  a  lubricating  'oil 
after  the^iatile  matter  evaporates  is  kftown  as 
the  carbon  residue  of  an  oil;  The  carbon-residue 
test  indicates  the  amount  of  carbon  that  rnay/be 
deposited  in  an  engine  by  an  oiL  Excessive 
carbon  in  an  engine  leads  to  operatini 
difficulties.  -The  ability  "of  an  oil  to  prevent 
accumulation  of  carbon  deposits  in  an  engine  is 
known  as  the  detergent  power,  or 
'  DETERGENCY,  of  the  oil.    -  , 

NEUTRALIZATION  NUMBER 


*  The  ^Neutralization  number  of  an  oil 
indicates  its  acid  consent  and  is  defined  as  the^ 
number  of  milligrams  of  potassiurp  hydroxide 
(KOH)  required  to  neutralize  1  gram  of  the  oil. 
All  pettoleum  products  deteriorate  (oxidize)  in- 
ah-  and  heat.  Oxidation  produces  Organic  apids 
which,  if  present  iil  sufficient  concentration  wiU 
cause  /deterioration  ,of  (1)^  alloy  bearings  at 
elevated  temperatures,  (2)  galvanized  surfaces,, 
and  (3)  the  demulsibility  of  the  oil  with  respect 
to  freshwater  an4  saltwater.  The  increase  in 
acidity  with  use  is  an  index  of  deterioration  and 
is  measured  as  a  part  of  the  work  factor  test. 
This  test  js  not  applicable  to  Military  9000  series 
oik.  1 


Modified  Neutrality  (Qualitative) 


•The  mbdified  ncutPality  test  as  outlined 
below'  is  used  to  determine  whether  a  used  9000 
series  oil  should  l^e  discarded.  Place  50  milliliters 
(m4)  of  used  9000  series  oil  sample,  IS  ml  of 
distilled  water  and  3  drops  of  0.1%  solution 
methyl  orange  in  a  centrifuge  tiibe  (fig.  9-4). 
Stopper  the  tube,  shake  vigbrously  for  30 
seconds,  and  centrifuge  for  10'  minutes  at  not 
less  than  ¥ASO  rpm.  Remove  th?  centrifuge  tube 
and^  observe  the  coloJ-  of  the  lower  aqueous 
layer.  Report  the  result  of  the  test  as  neutral  if 
no  .pink  or  red  color  is  apparent.  Report  the 
result  as  acid  if  the  color  is  pink  or  red. 


11 

III 


*  38.219 


PRECIPrrATION  NUMBER 

The  precipitation  number  of  an  oil  is  a 
measure  of  the^  water  and  sediment  contained  in 
the  oil.  The  test  uses  the  principle  of  centifugal 
force.  Watqr  and  sediment  in  oil  are  heavier  than 
the  oil.  If  th^  oil  containing  water  and  sediment, 
is  .wliirled,  the  water  and  Suspended  solids  will 
go  to  the  outside.  The  instrument  which, tests 
the  oil  is  knowri  as  a  CENTRIFUGE;  it  is  used 
to  whirl  test  tubes  filled  with  samples  of  the  oil 
containing  water  and  sediment  so  that  the  oil 
can  be  separated  frorn  the  ^ater  and  .sediment. 

The  tubes  are  either  pear-shapecf  or 
cone-shaped  bottles  that  fit  into  rubber  seats,  or 
jackets  on  the  centrifuge.  If  tlie /centrifuge  has 
more  than  two  jjicket  spaces,  place  the*  tub6s 
exactly  opposite  each  other  to  maintain  the 
balance  of  the  mechanism  while  itTs  rotating. 

^  The  tubes  are  graduated,  or  marked,  in 
milliliters  (ml)  and  tenths  of  a  milliliter.  The 
tubes  hold  100  ml  each.  A  centrifuge  tube, 
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Uhistrated  in  figure  9-4,  is  graduated  from 
b<}ttom  to  top  as  follows; . 


SPEQFIC  GRAVITY, 


Range 

Scale  of  divisSons 

Numtiered 

(milliliters) 

(milliliters) 

(milliliters) 

 ^ 

,  0-4 

'  0.1 

0.5,1  A3.4 

'  4-10 

.  -  •  0.5 

5,6,7,8,9,10 

10-20  * 

1.0    .  ■ 

10,15,20 

2Q»25' 

.5.0 

20,25  . 

25-100 

,  25.0 

25,50,75.100 

In  testing  for  bottom  sediment  and  water, 
prpceed  as  follows:      ;  ^  ^ 

1:  Measure  50  mi'of  90%  benzol  into  each 
of  two  centrifuge  tub^s;  add  to  each  tube  50  ml 
of  the  oii  to  be  tested. 

2.  Close  the  'tubes  tiglitJy.  and  shajce 
vigorously  until  the  contents  are  thorouglily 
mixed.  ^ 

3.  Place    the    tubes    in    a    water   bath,  « 
fmintained  at    1 20^  F,  .and.  feave  the  tubes 
infmWsed  (to  the  100-ml  mark  dn  the  tube)  for 

I  (/minutes.      ^  . 
\  '  ! 

k4.  Place  the  tubes  opposite  each  other  in 
the  centrifuge  and  rotate  them  for  10 -minutes. 

5.  Read  and  record  the  combined  volume 
of  water  and  sediment. at  the  bottom  of  each 
tube.  (If  necessary,  estimate  to  0.1  ml.) 

6.  Replace  the  tuhjes^  in  the  centrifuge, 
repeat  the  Whirling  for  10  minutes,  and  remove 
for  reading  of  the  volume  of  water  and  sediment 

as  before.    Repeat   this  operation   until   the  ' 
combined  volume  of  water  and  sediment  in  each 
tubcf  reinains  cx^nstiint  for  three  consecutive 
readings, 

7.  Read  the  cX)mbined  rt)tal ,  volume  of 
water  am}  sediment  in  each  tube^and  estimate  to 
0.1  mi.  if  necessary.  The  sum  of  these  two 
readings  should  be  recortted  as  the  percentage  of 
the  water  and  sediment  in  the  oil 

If  you  ppoceed  with  care  and  pay  attention 
to  details,  duplicate  determinations  of  water  mi4 
sediment  by  this  method  should  not  differ  by 
more  than  0.2  ml.  i 


The 'ratio  of  the  weight  of  a  given  volume  of 
any  substance  in  air  to  the  weight  of  an  equal 
volume  pf  water  is  known  as  the  specific  gravity 
cJf  a  substance.  For  a  liquid,  the  specific  gravity 
is  determined  by  a  hydrometer-a  small  glass 
instrument  which  looks  somewhat  like  a 
thermometer.  This  instrument  is  immersed  in  a 
glass  container  of  the"  hquid  and  the  specific 
gravity  is  read  directly  on  the  hydrometer  scale 
at  the  level  of  the  liquid. 

The  American  Petroleum  Institute  (API) 
scale  is  used  to  measure  the  specific  gravity  of 
the  oil.  When  you  test  an  oil  for  specific  gravity, 
be  sure'  to  thorougfilj^  stir  the  ^1  and  see  that 
there  are  no  air  bubbles.  In  addition,  see  that  all 
materials  are  clean  and  that  the  instrufnemt,  oil, 
and  container  are  all  at  room  temperature.  ^ 


RECOMMENDED  OILS 


Selection  of '  the  prosper  lubricant  is 
extremely  important,  because  each  unit  should 
be  supplied  with  the  oil  best '  suited  to  its 
operating  ^  conditions,  speed,' size,  and  bearing 
pressure.  Proper  selection  i»  also  important^  in 
that  all  similar  junits  should  use  the  same  grade 
of  oil;  this  will  reduce  the  variety  of  grades  to  be 
carried  in  stock  and  will  decrease  the  number  of 
possible  mistakes  in  delivery  and  mixing  of 
dissimilar  oils  in  tanks.  C^onsult  the 
manufacturers'  technical  manuals -and  the  list  of 
lubricants  aboard,  if  provided,  for  the  proper 
Navy  symbol  oil  for  specific  etjuipment. 


CLASSIFICATION  AND 
IDENTIFICATION  OF  ENGINE  ^IL 

• 

Lubricating  oils  approved  by  the  Naval  Sea 
Systems  Command  £or  use  in  marine  engines  are 
divided  into  severajt  SERIEiS,  or  classes.  Each 
series  ^nd  each  oil  Within  the  series  is  identified 
by  a  SYMBOL  NUMBER. 


\ 
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— -|  '  1  ^ 

The  numbers  assigned  to  oils  tiscd  by  the 
Navy  make  it  ea§y  to  identify  the  oils  for  proper 
use  and  viscosity.  Generally,  each  number 
consists  of  four  digits;  a  letter  suffix  ihay  be 
used  to  further  identify  aii  oil.  TTie  first  digit  ot\ 
the  number  classifies  the  oil  according  to  use; 
the  laiit  three  digits  indicate  the  oil's  "Viscosity. 
For  example^,  symbol  9110  describes  an  oil  of 
-the*  9000  series  (an  additive  type  c5f  heavy  duty  . 
oil)  with  a  viscosity  of  1 10  seconds,  Saybolt 
Univci^sai,  when  the  oil  is  heated  to  210''F. 


Nevertheless,  a  mixture  of' additive-type  oil  and 
mineral  oil  will  provide  better  lubrication  than 
straight  mineral  oil  in  places  where  a  detergent 
oil  is  recommended/ When  mixing  oils,  of  two 
different  viscosities,  -remember  that  the  viscosity 
of  the  fnixture  \vill  be  different  from  that  of 
either  oiL 


Noncorrosive  Characteristics 
And  Corrosion 


V 


/ 


ADDITIVE  ENGINE  OILS 


/ 


Compounded  or  additive  type  lubricating 
oils,  sometimes  called  detergent  oils,  consist  of  a  ^ 
base  mineriil-  oil  to  which  chemical  additives 
have  bcqn  addtid.  Rie  performance  of  the  base 
lubricant  is  improved  by  the  additives,  which 
inhibit  oxidation,  improvt^  the  natural  detergent 
property  of  the  prl,  and  improve  the  tendency  of  ^ 
the  oil  to  adhere  to  metal  surfaces. 

In  modem  internal-combustion  t^ngines,  the 
lubricating  oil"  must  nave  botli  detergency  and  . 
resistance  to  oxidation  to  give  satisfactory^ 
operation  with  respect  to  engine  wear,  engine 
cleanliness,  ahd  oil  life.  The  symbol  9000  series 
^  kibricating  oils  n\eet  these  tvquirements. 
DevelopecT  primarily  for  '  lubrication,  of 
high-speed,  higti-output,  diesel  engines,  these 
additive-type  oils  are  now  used  in  mo^t 
intcFnal-combustion  engjnes.  The  additive-typti 
oils  reduce  bearing  wear,  corrosion,  carboji'  and 
gummy  deposits  througliout  the  lubrication 
system  and  on  the  piston  rings,  Th^^se  are,  a^ 
fiumber  of  factots  related  to  thV  use  of 
additive-type'  oils  wliith  you  should  keep  in 
mind  when  operating  and  niaintainini^  a 


ung  an  engme. 


Mbcing  Possibilities 


^.  All  Navy-approved  engine  oils  may  be  mixed 
•without  Jij^rmful  etTects.  For  maximum  benefit 
from  additivc-typc  oils,  however,  do  not  mix 
them  vyith  straight  mineral  oils,  except  in 
emergencies.  Mixing  of  the  two  types  of  oil  will 
greatly    reduce    the    additive  concentration. 


Lubricating  ^  oils  of  the  9000  series  are 
noacorrosive  to  all  types  of  alloy  bearings  and 
ail  metals  used  in  an  engine.  If  bearing  surfaces 
are  found  "to  be  corroded,  tb'e  oil  has  probayjy'^ 
been  contaminated  with  either  water  or  partially 
burned  fuel' "  When  corrosion  is  found  in  an- 
engine,  steps  must  be  taken  to  elipainate  thS 
Source  of  trouble.  Fuel  systems  must  be  kept  in 
good  repair  and  adjustment  at  all  times.  Every 
i  ,  possible  precaution  should  be  taken  to  prevent 
the  .entrance  of  an  appreciable^juantity  of  water 
into  the  lufericatiqg  system. 

Water  in  a  lubricating  oil  can  usually  b^ 
detected  by  the  cloudy  appearances  of  the  oil 
and  by  small  droplets  of  water  that  may  separate 
in  a  .  sample  bottle.  A  small  quantity  of 
^freshwater  in  oil  will  cause  rio  difficulty  because 
it  usually  evapojates  when  the* oil  passes  through 
tlie  hot  engine.  However,  when  serious  water 
contamination  exists',  the  oil  should  be  drained 
vand  replaced  with  fresh  oil  after  the  source  of 
the  leak  has  been  discovered  and  repaired. 

Changes  In  Color  * 

Detergent*  oils  change  tolor,  normally 
turning  dark  after  a  few  hoikrs  oK  use.  The 
change  in  color^  due  to  the  suspens  on  of  fine 
particles  of  fuel  soot  which  accumulate  in  the 
oil.  The  change  in  color  does  not  necessarily 
indicate  a  reduction  in  the  lubricating  quality  of 
the  oil.  '  *  '  , 


GREASES  • 

Operating  temperatures,  tiie  rate  at  which 
lubrication  must  be  supplied,  and  the  design  of 
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the  equipment  .  may  make  the  use  of  oil 
^mpracticaL  Greases  are  used  at  points  where  oil 
will  not  provide  proper  luilrication.  Machinery 
manufacturers  provide  either  pressure  or  •cup 
fittings  for  applying  the  grease.  The  location  of 
grease  fittings  and  the  type  of  grease  recjuired 
are  shown  on  maciiinei'y  lubrication  charts  and 
•in  manufacturers*  technical  manuals.  You  MUST 
foilow  lubriclition  iiistructi^ons,  sincei  some 
greases  a^e  for  general  use  and  othprs  are  for 
'  special  purposes^  You  will  better  Understand 
maintenance  pftjiblems  involving  iubrica^tion  if 
you  are  familiar  with  the  principal  factors  of  the 
composition  and  classification  of  greases. 
Information  on  greases  is  given  in  Fireman, 
^NAVEDTRA  1D520-E  and  in  NavShips' 
'  Technical ^{anuai  chapter  262  (945D).  -   "  •  ' 


PURIFICATION  OF  LUBRICATING  OIL 


Oil  must  be  clean  before  it  goes  into  the 
lubricating  system  of  an  engine,  and  it  mi^t  also 
be  cleaned  or  puritled  a^larly  while  being 

^recirculated  ttirough  the  engine.  Dust  and  dirt 
'partid^s  from  the  intake  air  get  into  the  oil 

^system.  Bits  of  rii^tal  from'  the  engine  parts  are 
picked  up  qnd  carried  in  th^e  oil  Carbon  particles 
frorH  combustion  in  the  cylinders  work  into  the 
oil,  even  ih  the  best  engines.  The  oil  itself 
deteriorates  and  leaves  some  sludge  and  gummy 
material  which  circulates  through  the  oil  system. 
Some  water  will  get  into  the  oil,  even  .when 
precautions  ar^  taken.' 

Contamination  must  be  removied  or  .the  oil 
will  not  meet  the  requirelmeats  of  lubrication. 
Dirt  and  other  hard  particles  .score  and  scratch 
the  rubbing  melal  surfaces  within  the  engine. 
This  abrasive  action  greatly^  increases  friction 
which  adds  heat  to  the  moving  parts  and  causes 
tnpm  to  wear  faster.  S|udge  and  water  interfere 
with  the  oiTs  abitity  to  hold  a  good  lubricating 
film  between  the  rubbing  Surfaces  within  the 
engine; 

Several  devices  are  .used  to  keep  the  oil  as 
pure  as  .possible.  Eacjh  device  is  designed  to 
remove    certain    kinds  *  of  contamination. 


Tlierefore,  sevferal  types  of  devices  ajuj  required 
in'the  lubricating  oil  system  to  maiiUdin  the  oil 
ih  the -best  possible  condition.  Strainers,  filters, 
settling  tanks,  and  centrifugal  purifiers  are  the- 
main  devices  used  to  keep  the  oil  free  of 
contamination.  We  will  now  consider  settling 
tanks  and  purifiers  with  emphasis  on  purifiers. 


SETTLING  TANKS  AND  l^URIFIERS 


Tlie  lubricating  system  of  many  Chipboard 
diesel  engine  iristallations  includes  settling  tanks 
(used-oil  tanks);  These  tanks  allow  the  oil  to 
stand  while  '  accumulated  water  and  other 
.impurities  j^ettle.  Settling  is  dad  to  the  force  of 
gravity.  A  number  of , layers  of  contamination 
nvdy  form,  the  number  depending  on  the 
different  specific  gravities  of  th^  various^ 
substances  which  contaminate  the  •oil.  Settling 
takes  plaoe  more  rapidly  and  efficiently  when 
the  oil  is  heated.     4.        '      ^  ^ 

Althougli  settling  tafiks  do  remove  much 
contamination  from  .lubricating  oil,  most  ships- 
have  addifional'  equipment  to  remove  water  and  ^ 
ifnpurities  that^  are  not  removed  by  other 
devices.  Tnese/  machines  are  usually  ^  called 
purifiers  but  are  frequently^.also  referred  to  as 
cen^ifuges,/  ' 

} 

i  The  manutacturkiT  furnishes  detailed, 
instructions  with  each  puritler  on  its 
construction;  operation,  and  maintenance. ^When 
you  are  responsible  for'  the  'operation  and 
maintenance  of  a  purifier,  study  the 
manufacturer's  instructions  and  I'ollow  them 
carefully.  The  following,  provides  general 
information  on  the  methods  of  purification  and 
tlie  principles  of  operation  of  purifiers. 

Methods  of  Purification 

^   On  Diesel-propelled  ships,  thp.  piping  systcin 
.is  generally  arranged  to  permit  two  methods  of 
purifying:  batch'  purification  and  continuous 
purification.  '     ^  ^ 

BATCH  PROCESS,  -the  batch  purification 
process  is  used  when  an  engine  is  secured.  The 
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lubricating  oil  is  transferred  from  the  sump  to  a 
settling  tank  by  a  trSnsfer  pump.  The  oil  is 
heated  by  steam  heating  cgils  in  the  settling  tank 
and  maintained  at  a  temperature  of 
approximately  175^  F  for  several  hours.  Water 
and  other  settied  impurities  are  draii\ed  from  the 
settling  tank  through  a  valve.  The  oil  is  then 
ccntrifuged  and  discharged  back  into  the  sump 
from  which  it  was  taken. 

CONTINUOUS  PROCESS.  -Tlie  continuous 
purification  process  is  used  when  an  engine  is 
Operating.  The  centrifugal  pimfier  takes  suction 
frorn  a  sump  tank  and,  afterpurifying  the  oil, 
discharges  the  purified  oil  back  to  the  same 
sump:  '  f  , 

V 

Principles  of  Purifier  Operation 


,  Centrifugal  force  is  the  principle  used  in 
purifying  oil.  Centrifugal  force  is  force  exerted 
upon  a  body  or  substanjciiJjy  rotation;  it  impels 
the  body  or  substance  outward  fror^the  axis  of 
rotation, 

i'  A  centrifugal  purifier  is  ^  essentially  a 
container  whitjh  is  rotated  at  high  speed  while 
contaminated  oil  is  forced  through,  and  rotates 

'with,    the   contained.   The   centrifugal  force 
imposed  on  the*  oil  by  the  high  rotating  speed  of 
the  contained  separates  the  s^^spencjed*  foreign 
matter  from  the  oil.  However,  only  materials  v 
that   are  insoluble  in  .  one   another  can  be 

'  separated  by  centrifugal  force.  For  example, 
JP-5  or  diesel  fuel  cannot  be  separated  'from 
lubricating  oil,  nor  can  salt  be  removed  from 
sea^water  by  centrifugal  foite.  Water,  however, 
can  be  separated  from  oil  because  water  and  oil 
do  not  form  a  true  solution  when  mixed. 
Furthermore,  there  must  be  a  difference  in  the 
specific  gravities  of  the  materials  to  be  separated 
by  centrifugal  force.  .  ' 

When  a  mixture  of  oil,  water,  and  sediment 
stands  undisturbed,  gravity  tends  to  »fomi  an 
upper  layer  of  oil,  an  intermediate  layer  of 
water,  and- a'  lower  layer  of  sediment,  The  layers 
form  because  of  specific  gravities  of  the  n^^terial 
in  the  mixture.  If  the  oil,  Water,  arid  sediment  - 


are  placed  in  a  container  which  is  revolving 
rapidly  around'  a  v^tical  axis,  the  effect  of 
gravity,  is  negligible  in  comparison  with  that  of 
the  centrifugal  force.  Since  centrifugal  force  acts 
at  right  angles  to  the  axis  of  rotation  of  tlie 
container,  the  sediment  with  its  greater  specific 
gravity  assumes  the  outermost  position,  forming 
a  layer  on  the  inner  surface  of  the  container/ 
Water,  being  heJvier  than  oil,  forms  an 
'intermediate  layer  between  the  layer  of 
sediment  and  the  oil,  which  forms  the  innermost 
layer.  The  separated  water  is  discharged  as  ^ 
waste,  and  tlie  oil  is  discharged^  for  reuse.  The 
solids  refhain  in  the  rotating  unit,  T^ie  purifier  is 
cleaned  manually  when  necessary. 

Separation  by  Qentrifugal  force  is  further 
affected  by  the  sixe  of  the  particles,  the  viscosity 
of  tlie  fluids,  and  the  time  during  which  the 
materials  are  subjected  to  the  centrifugal  force. 
In  general,  tlie  greater  the  difference  ii>  specific 
gravity  befweeri  the  substances  to  be  separated 
and  the  lower  the  viscosity  of  the  oil,  the  greater 
will  bj£>  the  rate  of  separation. 


Use  of  Purifiers 


Centrifugal  purifiers  are  used  to  purify  both 
fuel  oil  and  lubricating  oil  A  purifier  may  be 
used  to  remove  both  water  and  sediment  from 
oil  or  to  rerrtove  sediment  only,  Wlien  water  is 
involved  in  the  purification  process,  the  purifier 
is  usually  called  a^  SEPARATD^R^.  When  the 
principal  item  of  contamination  is  sediment,  tlie 
purifier  is  used  as  a  CLARIFIER.  Purifiers  are 
generally  uSed  as  separators  for  purifying  fuel 
oils.  When  used  to  purify  a  lubricati^ng  oil,  a 
purifier  may ''be  used  as  either  a  separator  or  a 
clarifier.  Whether  a  purifier  is  used  as  a  separator 
or  a  clarifier  depends  on  the  moisture  gontent  of 
the  oil  being  purified. 

An  oil  which  contains  no  moisture  needs 
only  to  *  be  clarified  since  the  oil  will  be 
discharged  in  the  purified  state  after  the  solids 
deposit  in  t|ie  bowl  of  the  purifier.  If,  howeveh, 
the  oil  contains  some  moisture,  tlie  continued 
feeding  of  'Svet"  oil  into  the  bowl  will 
eventually  result  in  a  bowl  filled  with  water; 
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f^iflure  9-5.— Otik'type  centrifugal  purifier. 


from  that  time  on,  the  centrifuge-  is  not 
accomplishing  any  separation  of  water  from  the 
oiK  Even  before  the  bowl  is  completely  filled 
with  water,  the  layer  of  water  in  the  bowl 
reduces  the  depth  of  the  oil  layer.  As  a  result^ 
ihf  incoming  oil  passes  through  the  bowl^jan 
increased  velocity.  Because  of  this,  the  liquid  is 
subject  to  ct^ntrifugal  force  Tor  a  sliorter  time; 
the  separation  of  wafer  from  the  oil  is, 
thejefore,  not  as  complete  as  It  would  be  il  the 
bo\vl  were  withouKthe  water  layer,  or  if  the 
water  layer  were  shallow.  For  this  reason  t\yd 
^ntrifuge  should  NOT  be  operated  as  a  clarifier 
unless  the  oil  contains  little  or  NO  water.  A 
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small  'amount  -of  water  ean  be  accumulated, 
together  wit^  the  solids,  and  drained  when  the 
bowl  is  stopped  for  cleaning;  if  thiwe  is  any 
appreciable  amount  of  water  in  the  oil,  however, 
tlie  pitrifier  sliould  be  operated  as  a  separator. 


Types  of  Centrifugal  Purifiers 

There  are  two  types  of  purifiers  us^d  in 
Navy  installations.  Both  types  operate  on  the 
same  general  principle.  The  principal  difference 
between  the  two  types  of  purifiers  is^n  the 
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design  of  the- rotating  units.  In  the  tubular-type 
purifier,  the  rotating  element  is  a  hollow  tubular 
rotor;  in  -  the  disk-type,  purifier,  the  rotating 
element  is  a  bowHike  container  which  encases  a 
stack  of  disks. 

DISK^TYPl/  CENTRIFUGAL 
PURIFIER. -A  sectional  view  of  a  disk-type 
centrifugal  purifier  is  shown  in  figure  9-5.  Tlte  ^ 
bowl  is.  mounted  on  the  wpper  end  of  the 
vertical  bowl  spindle  which  is  driven  by  a  worm 
wheel  and  a  friction  clutch  assembly.  A  radial 
thrust  bearing  at  the  lower  end  of  the  bowl 
spindle  carries  the  weight  of  the  bqwl  spindle 
and  absorbs  any  thrust  treated  by  the  driving  . 
action.  The  flexible  mount  of  the  top  bearing  ^ 
allows  the  bowl  to  come  to  the  center  oC 
rotation. 

The  parts  of  a  disk-type  bowl  are  shown  in 
figure  9-6.  The  flow  of  oil  through  the  bovjf^and 
other  parts  is  shown  in  figure  9-7. 

Contaminated  oil  enters  the  top  of  the 
revolving  bowl  tlirough  the  regulating  tube.  Tlie 
oil  then  passes  down  the  inside  of  tlie  tubular 
shaft  and  outsat  the  bottom  into  the  stack  of 
disks.  As  the  dirty  oil  flows  up  througli  the 
distribution  holes  in  the  disks,  the  high 
centrifugal  force  of  the  revolving  bowl  causes 
the  dirt,  sludge,  ahd  water  toJiiove  outward;  the 
purified  oil  mows  inward  toward  the  tubular 
shaft.  The  disks  divide  the  space  within  the  bowl 
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Ftguffi  ^6.-Parti  of  a  diik-type  purifier  bowl. 
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Figure  9-7. --Path  of  corttaminatad  oil  through  a  disk-type 
purifier  bowl. 

into  many,  separate,  narrow  passages  or  spaces. 
Tlie  liquid  confined  within  each  passage  i^ 
restricted  so  that  it  can  flow  only  along  the 
passage.  This  arrangement  prevents  excessive 
agitation  of  the  liquid  as  it  passes  through  the 
bowl  and  creates  shallow  settling  distances 
between  the  disks. 

Most  of  the  dirt  and  sludge  remains  in  the 
bowl,  collecting  in  a  layer  on  the  inside  vertical 
surface  of  the  bowl  shell.  Water,  along  with 
some  dirt  and  sludge  separated  frofn  the  oil,  is 
discharged  through  the  discharge  ring  at  the  t6p 
of  the  bowl.  Tlie  purified  oil  flow^  inward  and 
upward  througli  the  disks,  discharging  from  the 
neck  of  the  top  disk  (fig.  9-7). 

TUBU  L  A  R-TYPH  CHNTRlFUGAL 
PURIFIHR.  -A  cross  section  of  a  tubular  type 
centrifugal  purifier  is  shown  in  figure^  9-8.  A 
purifier  of  this  type  consists  essentially  of  a 
rotor,  or  bowl,  which  rotates  at  high  speeds.  The 
rotor  has  an  opening  in  the  bottom  through^ 
which  the  dirty*' lubricating  oil  enters  and  two 
sets  of  openings  in  the  bowl  top  through'which 
the  oil  and  water  (in  a  separator  action)  or  the 
oil  alone  (in  a  clarifier  action)  discharges.  (See 
inset,  fig.  9-8.)  The  bowl,  or  hollow  rotor,  of  the 
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Figure  9-8.-TufauI»r-type  centrifugal  purifier. 
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purifier  is  connected  by  a  coupling  unit  to  a 
spindle  suspended  from  a  small  bearing 
assembly.  Jhe  bowl  is  belt  driven  by  an  electric 
motor  mounted  on  the  frame  of  the  purifier. 

The  lower  end  of  the  bowl  extends  into  a 
flexible^mounted  drag  bushing.  The  draig  bushing 


ill  the  drag  bushing  asseipbly  restrains  movement 
of  the  bottom  of  the  bowl;  it  allows  sufficieat 
movement,  •  however,  so  that  the  bowl  can 
balance  itself  about  its  center  of  rotation  when 
tlie  purifier  is  in  operation.  Inside  the  bowl  is  a 
device  consisting  of  three  flat  plates  which  are 
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equally  spaced  radially.  This  device  is  commonly 
called  the  ttiree-wing  device,  or  just  the 
three-wing.  The  tl*ee-wing  rotates  witli  the  bowl 
ind  forces' the  liafiid  in  the  bowl  to  rotate  at  the 
sanie  speed  as  fthe  bowl.  The  liquid  to  be 
centrifuged  is  fed  into  thti  bottom  of  tlie  bowl, 
through  the  feed  nozzle,  under  pressure  so  that 
the  liquid  jets  into  the  bowl  in  a  stream'.  ♦ 

When  the  purifier  is  used  as  a  lubricating  oil 
separator  or  clarifier,  the  feed  jet  staked  against 
a  cone  wliich  is  placed  on  .the  bottom  of  the 
three-wing;  this  bripgs  the  liquid  up  to  bowl 
speed  smoothly,  without  making  an  emulsion. 
Tlie  cone  is  not  necessary  when  the  purifier  is 
used  ^as  a  separator  with  fuel  oil,  because  fuel 
does  not  have  the  tendency  to  emulsify.  Both 
typessof  three-wing  devices  are  shown  in  figure 
9^9. 

In  a  tubular-type  purifier,  the  process  of 
separation  is  the  same  as  in  the  disk-type 
purifier.  In  both  types  of  purifiers,  the  sepuaitpd 
oil  takes  the  innermost  .  position  and  thje 
separated  water  moves  outward,  ik^h  liquids  are 
discharged  separately  from  tlie  bowls;  solids 
separated  from  the  liquid  are  retained  in  the 
bowls. 

Kven  though  similar  in  operation,  the  two 
types  of  purifiers  differ  somewhat  in  design.  Tlie 


bowl  of  a  tubular-type  purifier  has  a  small 
diameter  and  is  operated  at  a  high  speed.  Tlie 
length  of  the  tubulax  bowl  (the  distance  .the 
liquid  travels  tlirough  thelbowl)  is  many  times 
the  depth  of  the  liquid  layer  (settling  distance). 
The  disk-type  bowl  has  a  larger  diameter  and  T  * 
much  shorter  length;  the  distance  the  liquid 
travels  in  passing  through  such  a  bowl  is  not 
much  greater  than  the  settling  distance-  Tubular 
bowls  are  fed  tl^ft^ugh  a  feed  nozzle  at  the 
bottom  of  the  bowl  Disk-type  bowls  'are 
ordinarily  fed  from  the  top  through  a  center 
tube  which  directs  the  liquid  toward  the 
distribution  holes  in  the  diiik  stack.  Disks  are^ 
provided  to  set  up  layers,  thereby  reducing* 
settling  distance.  (See  fig.  9-6  and  9-7.) 

Operation  of  Purifiers 

"Specific  directions  for  operating  a  purifier 
should  bc'  Obtained  from  the  manufacturer's 
instructions*  provided  with  tlie  unit.  Ttie 
following  information  is  general  and  applies,  in 
the  mairf,  to  botli  types  of  purifiers, 
^  ^  For  maximum  efficiency,  purifiers  should  be 
operated  at  their  maximum  designed  speed  and 
rated  capacity.  An  exception  to  operating.'  a 
purifier  at  designed  rated  capacity  is  wh^  flhe 
unit  is  used 'as  a  separator  with  900Q  stries' 
detergent  oil.  Some  engines  using  the  90(x/series 
oils  ar^  exposed  to  Tarrge  quantities  gf  water. 
When  the  oil  becomes  contaminated  wUp  water, 
it  has  a  tepdency  to  emulsify.  The  ^epoency  |o 
emulsify  is  most  pronounced  when  the  oil  is  new 
and  gradually  de^^reases  during  tlie  first  50  to  75 
hours  "bf  engine  operation.  During  this  period," 
the'  purifier  -capacity  should  be  reduced  to 
approximately  80%  of  the  rated  capacity. 

When  a  purifier  is  operated  as  a  separator, 
the  -bowl  MUST  BE  PRIMED  with  freshwater 
before  any  oil  is  admitted  to  the  purifier.  The 
water  seals  the  bowl  and  creates  an "  initial  - 
equilibrium  of  liquid  layers.  If  the  bowl  is  not 
primed,  tlie  oil  will  be  lost  througli  the  water 
discharge  ports. 

INFLUENCING  FACTORS  IN 
PURIFIER  OPERATION 


^  75,235 
Fjgurt  9-9.— Parti  of  a  tubular-type  purHm  bowl. 


There  are  several  factors  which  influence 
purifier    operation.    The    time   required  for 
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purification  and  the  output  of  a  purifier 
depend  on  such  factors  as  the  viscosity  of  the 
oil;  the  pressure  apphed  to  the  oil,  the  size  of 
the  particles  of  sediment,  the  difference  between 
tlfc;  specific  gravity  of  the  oil  and  that  of  the 
substances  which  jcontaminate  the  oil,  aad  the 
tendency  of  the  oil  to. emulsify. 

The  viscosity  of  the  oil  determines  Jo  a  great 
extent  the  length  of  time,  required  for 
purification  of  lubricating  oiL  The  more  viscous 
the  oil,  the  longer  the  time  required  to  purify  it 
to  a  given  degree  of  purity.  Heating  the  oil  to 
decrease  the  viscosity  of  the  oil  is  one  of  the 
most  eftective  methods  to  aid  purification, 
f  - 

Even  though  certain  oils  may  be 
satisfactorily  purified  at  operating  temperatures, 
a  greater  degree  of  purification  will  generally 
result  if  the  oil  is  heated  to  a  high  temperature. 
To  accomplish  this,  the  oil  is  passed  through  a 
heater  to  obtain  the  desired  temperature  before 
the  oil  enters  the  purifier  bowl. 

Most  oils  used  in  Navy  installations  can  be 
heated  to  180°  F  without  damage  to  the  oils. 
Prolonged  heating  at  higlier  temperatures  is  not 
recommended  because  such  oils  tend  to  oxidize 
at  high  temperatures.  Oxidation  results'in  rapid 
deterioration.  In  general,  oil  should  be  heated 
enough  to  produce  a  viscosity  of  approximately 
90  seconds,  S^ybolt  Universal  (90  SSU),  but  the 
temperature  should  not  exceed  180°  F.  The 
temperatures  recommended  for  purifying  oils  in 
the  9000  series  are:      .  - 


Temperature  (°F) 

140°  ' 

160° 

175°# 

180° 


Military  Symbol 

9110 
9170 
9250 
9500 

Pressure  siiocild  not  be  increased  above 
normal  to  force  a  high  viscosity  oil  through  the 
purifier.  Instead,  the  viscosity  sliould  be 
decreased  by  heating  the  oil  Pressure  in  excess 
of  that  normally  used  to  force  oil  through  the 
purifier  will  result  in  less  efffcient  purification. 
On  the  other  hand,  a  reduction  i|i  the  pressure 
that  forces  the  oil  into  the  purifier  will  increase 


the  length  of  time  the  oil  is  under  the  influence 
of  centrifugal  force  and,  therefore,  will  tend  to 
improve  results. 


Disdiai^e  Ring  ^Ring  Dam) 


If  the  oil  dischai^ed  from  a  purifier  is  to  be 
free  of  water,  dirt,  and  sludge  and  if  the  water 
/dischai^ed  from  tlie  bowl  is  not  to  be  mixed 
with  oil,  the  proper  size  discharge  ring  (ring 
dam)  must  be  used.  The  size  of  the  discharge 
ring  depends  on  the  specific  gravity  of  the  oil 
being  purified;  Diesel  fuel  oil,  JP-5,  and 
lubricating  oils  all  have  different  specific 
gravities  and,  therefore  require  different  sized 
discharge  rings.  While  all  discharge  rings  have  the 
same  outside  diameter,  their  inside  diameters 
vary.  Ring  sizes  are  indicated  by  even  numbers; 
the  smaller  the  number,  the  smaller  the  ring  size. 
The  inside  diameter  in  millimeters  is  starnxjed  on 
each  ring.  Sizes  vary  in  increments  of  2 
millimeters.  Charts,  provided  in  manufacturers' 
technical  manuals,  specify  the  proper  ring  size  to 
be  used  with  an  ojl'  of  a  given  specific  gravity. 
Generally,  the  ring  size  indicated  on  such  a  chart 
will  produce  satisfactory  restilts.  If  the 
recommended  ring  failS  to  prodUc^  satisfactory^ 
purification,  it  will  be  necessary  to  detennine 
the  correct  size  by  trial-and-trror.  Iri general,  the 
most  satisfactory  purification  of  the  oil  is 
obtained  when  the  ring  is  tlie  largest  size  that* 
can  be  used -without  losing  oil  along  with  the 
discharged  water- 


Maintenance  of  Purifiers 


Tlie  bowl  of  a  purifier  must  be  cleaned  daily 
in  accordance  wjth  the  PMS,  and  all  sediment 
must  be  carefully  removed.  The  amount  of  dirt, 
grit,  sludge,  and  other  foreign  matter  in  the  oil 
may  warrant  more  frequent  cleaning.  W  the 
amount  of  foreign  matter  in  an  oil  is  not  kno\vn, 
the  ^)urifier  should  be  shut  down  and  examined 
and  cleaned  once  each  watch,  or  more  often  if 
necessary.  The  amount  of  sediment  found  in  the 
bowl  Indicates  how  long  the  purifier  m^y  be 
operated  between  cleanings. 
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Pericxlic  tests  should  be  made  to  ensiire^  that 
the  purifier  is  working  properly.  Wlien  the  oil  in 
the  system  is  being  purified  by  the  batch 
process,  tests  should  be  made  at  approximately 
30-minute  intefv^ls.  Wlieh  the  continuous 
process  of  purification  is  used,  tests  should  be 
made  once  egch  watch.  Analysis  of  oil  drawn 
from  the  purifier  is  the  bgst  method  of 
determining  the  efficiency  of  ttie  purifier; 
however,  the  clarity  of  the  purified  oil  and  the 
amount  of  oil  discharged  with  the  separated 
water  will  also  indicate  whether  the  unit  is  , 
operating  satisfactorily. 


LUBRICATING  OIL  SYSTEMS 

The  reUability  and  performance  K)f  modern 
diesel  engines  are  directly  dependent  on  the 
effectiveness  of  their  lubricating  systems.*  The 
[Primary  functions  of  lubrication  art  tOiminimize 
friction  between  the  bearing  surfaces  o!SQpving 
parts  and  to  dissipate  heat  Anotlier  functiotrls 
to  "keep*  internal  engine  parts  clean  by  removing 
carbon  and  other  foreign  matter,  ^The  system 
that'  supplies  the  oil  ^for  these  functions  in 
practically  all  modern'  *  internal-combustion 
engines  is  of  , the  pressure  type.  Even  though 
many  variations  exist  in  the  details  of  engipe 
lubricating  systems,  the  parts  of  such  a  system 
and  its  operation  are  basically  the  same. 


PARTS  OF  A  LUBRICATING 
OIL  SYSTEM 


You  might  think  of  the  lubricating  system  of 
an  engine  as  consisting  of  two  main  divisions, 
the  external  to  t[ic  engine  and  that  within  the 
engine.  Tlie  internal  division,  or  engine  part,  of 
the  system  consists  mainly  of  passages  and 
piping;  the  external  part  of  the  system  includes 
^several  components  wliich  aid  in  siipplying  the 
oil  in  the  proper  quantity,  at  the  proper 
temperature,  and  free  of  impurities.  Hxternal  to 
the  engine,  the'  lubricating  systems  of  maiiy 
engines  include' such  parts*as  tanks  and  sumps, 
pumps,  •  uooler;s,  strainers  and  filters-,  and 
purifiers.  ^ 


TANKS  AND  SUMPS 

Ttie  lubricating  systems  of  propulsion 
installations  use  tanks  to  (Collect  and  recirculate 
roil  after  it  has  been  used  for  lubrication  and 
cooling.  Some  installations  have  a  sump  or  drain 
tank  under  the  engine  to  collect  the  oil  as  it 
drains  from  the  engine  crankcase.  Storage  andT 
s^ump  tanks  are  not  common  in  auxili^ 
engines;  tliese  engines  generally  contain  the  oil 
supply  directly  witiiin  the  engine  oil  pan. 


PUM 


P  o  s  i  t  i  ve  -d  i  splacement,  rpt&ry-gear  type 
pmnps  deliver  oil  under  pressure  to  tlie  various 
parts  of  the  engine.  Since  the  pumps  ar&  driven 
from  tlie.  engine  camshaft  or,  In  some  engines, 
,  directly  from  the  crankshaft,  the  oil  is  supplied 
at  pressures  adjusted  to  the  needs  of  the  engine- 
Oianges  in  engine  speed  cause -corresponding 
changes  in  pump  output. 

Detached  lubricating  pumps  gn  large  diesel 
eifgines  supply  the  purifier,  fill  the  sump  tanks 
from  the  storage  tanks,  and  flush  and  prime  the 
,  lubricating  oil  ^  system.  You  sliould  be 
thoroughly  familiar  with  thie 'Rubricating  oil 
system  before  attempting  to  transfer  oil  or  to 
flush  and  prime  the  engine.  When  priming  or 
flushing  the  engine,  you  should  know  thdT 
prolonged  flushing  or  priming  of  the  lubricating 
oil  ^  system  on  any  engine  may  cause  oil  to 
accumulate  in  the  air  intake  passages  and  cause 
overspeeding  upon  starting.  To  prevent  this,  you 
must-observe  the  following  precautions.  ^  ' 

1.  Prime  the  engine  lubricating  oil  system 
before  the  engine  is  turned  over  by  hand  or  by 
motor  driven  jacking  gear.  This  ensures  that  a 
film  of  oil  is  deposited  to  prevent  friction  wheft . 
parts  start  to  mo^. 

2.  Continue  to  prime  the  engine  ONLY 
until  the  engine^  lubricating  oil  pressure  gage 
registers  a  slight  pressure  or  until  you  see  oil  at 
each  main  bearing. 

^  3.  Before  starting  the  engine  after  a 
prolonged  shutdown,  ihspec-t  the  air  receiver  and 
blower  discharge  pass^es  and  remove  any 
accumulation  of  lubricating  pil.  *  ^ 
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.  Thet  pressure  mai-ntaineA  by^most  lubricating  ^ 
*''oU  puinps  is  qontroUed  by  pressure-fegufating 
valj^es  6r  tpressure-relief  valves  'built  directly  into 
^  the  pumpi  In  soii^e  pumps,  pressm:e-relief.v^ves 
l^^t  separate  from  the  ^purnp        are  ugfed  for  ^ 
..,>ress^ure.   cotitrol    |)ui'poses.    Mi)st  ,oil 
'   '^^essure-^egulating  devices,  recirculate  excess -pil  J 
.   Ijkck  to  the  pump- ,  Some  pumps/ however,  . 
dischargeV  excess  oil  directly  into  the  engine  ^ 
sum'pfpr  the  crankcase,  • 


used  in.Na^y  installations.  In  Navy  termiiPOlogy,- 
all  metal-eage  and^wire^mesh  devices  ^re^eplassed 
as,  strainers; '  devipe^,  that   .have  replaceable,  ^ 
absoTbeht^' c^rtpidges'^re  called /filters?  Filters' 
r^mo?^  *«smallei:  particles.  The  :location  ,  and 
numbtff^  of'  strijihers  and    filters'  wilf  Vary^ 
depepding  on  the  type  of  installation. 


Strainers 


COOLERS 


The  lubricating  oil  systems  of  most  engines, 
^specially  large  ones,  u^se  coolers  (\ieat 
exchangers)  to  maintain  the  oil  temperature 
within  the  niost  fefficient  operating  temperature 
range.  Oil,  passing  through  tlie^  opera  ting  engine, 
absorbs  heat  from  the  metal  parts.  Since  engine 
oil  is  recirculated  and  used  over  and  over,  it  is 
continually  absorbing  additional  heat.  Unless  the 
heat  is  removed,  the  oil  temperature  will-  rise  to 
excessive  values.  At  extremely  higb- 
temperatures,  oil  tends  to  pxidize  rapidly  and 
foriHlfcarbon  deposits.  Excessive  temperatures 
also  cause  an  increase  in  the  rate  of  oil 
consumption.  Consequently,  oil  coolers  are 
required  to  remove  excess  heat  from  the  oil  to 
retain  its  lubricating  qualities.  ^ 

The  coolers  used  to  remove  heat  from 
lubricating  oils  are  of  the  same  type  as  those 
used  to  remove  heat  from  other  fluids  common 
to  internal-combustion  engines.  You  will  fmd 
additional  jiformation  on  heat  transfer  and^ 
4  coolers  in  Cliaptej  8  since  the  liquid  to  -which 
heat  is  'transferred  and  the  cooler  are  bojth 
commonly  associated- with  the  engine  coojing 
system. 


FILTERING  DEVICES 


'  The  lubricating  oil  system  of  an  engine  uses 
strainers  and  filters  to  remove  abrasives  and 
foreign  materials  which  .tend  to  increase  wear  of 
engine  parts  and'  uluse  the  lubricating  oil  to 
deteriorate.  A  Variety  of  strainers  and  filters  are 


Lubricating  oil  strainers  may  ,be "  either 
simplex  or  duplex.  •  A  duplex  straii<ter  is  twd 
strainer  elements  in  -  one  assembly..  A  manual' 
valve  direc^ts  the  tlow  gf  oilthroug}^ either  of  the 
elements.  When  duplex  strainers  are  used^  one 
element  can  be  bypassed,  and  the  element  can 
be  removed  and  cleaned  without  distujrbing  the 
now  of  oil  through  the  other  element  ta  the 
engine..  ^ 

^     ■    .   '        ■■ . 

Every  approved  lubricating  oil  strainer  has  a 
built-in,  spring-loaded  or  .  differefitial  area, 
pressure-relief  val?e.  The  valve  must  be 
sufficiently  large  Jo  bypass  all  of  the  oit  around 
a  clogged  strainer  to  maintain  an  uninterrupted 
flow  of  oil  to  the  engine. 

Metal-edge  type  strainers  consist  of  a  strainer 
^eiement  surrounded  by  a  cas^  which  serves  as  a 
sump  to  collect  foreign  material  and  water.  The 
element  has  an  edge-wound  metal  ribbon  or  a 
serifs  (stack)  of  edge-type  disks.  Most  strainers 
have  devices  for  manually  rotating  the  strainer 
e^mertt  against  metallic^ scrapers  which^  remove 
material  cauglit  by  the  element.  Strainers  usually 
have  vents  for  releasing  air  from  the  system. 

EDGfi-WOUND  METAL  RIBBON  TYPE 
STRAINER.  An  edge-wound  metal  ribbon  type 
strainer  is  shown  in  fi^rc  9-10.  The  strainer 
filters  the  oil  required  '  by  the  engine  except 
when  thi  element  is  rem^dved  for  cleaning  or 
servicing.  To  re^iove  the  element,  turn  the 
control  valve  handle  to  the  BVPASS  position, 
shunting  the  oil  flow  through  the  strainer  head; 
remove  the  element  without  interrupting  the  oil 
Qqw  to  the  engine.  Under  normal  operating 
conditions,  the  oil  comes  into  the  strainer  at  the 
top    and   descends  to  surround  tlie  ribbon 


ERIC 


194  - 


'  Chapter  9 -ENGINE-  LUBRIGATING  OIL  SYSTEMS 


Figure  0-10.  -Edye-wound  in«tai  ribbon  typa  lubricating 
"  oil  struiw^ 


element.  The  oil  then  passes  through  the 
element,  into  the  center,  and  then  upward  to  the 
outlet  passage. 

Anothefr.  type  ;of  element  consists'  of  a 
closely  compressed  coil  of  stainless  steel  wire. 
The  wire  has  been  passed  between  rollers  so  that 
it  i^  a  wedge-shaped  wire  or  ribbon  with  one 
edge  thicker  than  the  other.  On  one  side  of  the 
wire,  projections  are  spaced  at  definite  intervals; 
tlie  other  side  is  smooth.  The  projections  on  one 
side  of  the  wire  Itouch  the  suiooth  side  of  the 
wire  on  the  adjacent  coil  to  provide  apprbpriate 
spacing  between  adjacent  coill  The  thick  edge 
of  the  >vire  is  on  the  outside  of  the  'coil;  a' 
tapered  slot  is  therefore '  formed  from  the 
outside '  to  the  inside  of  the  coil;  with  the 
narrowest  part  of  the  slot  on  the  outside.  With 
this  arrangement,  dirt  t^articles  small  enough  to 
pass  thrbugh  the  outside,  or  narrowest,  portion 
of  the  I  slot  will  not  become  stuck  halfway 
througn  the  slot  and  clog  the  oil  flow.  The  dih 
removed  from  the  oil  remains  on  the  outside '<tf 
the  element  and  cun  be  readily  remove^!  by  \ 
rotating  the  elemenf  with  the  cleaning  handle. 
As  the  element  rotates,  the  cleaning  blade 
'Scrapes  foreign  material  from  the  element. 


The  control-val^e  handle  on  the  strain??r 
ppd^tes  the  b:^pass  valve-  Wiien  the  handlers  in 
the  ON  position,  the  lubricating  oil  is  no  wing* 
tfirdb^-  the  strainer.  When  the  handle  is  in  the 
Bypass  position,  the  oll  is  , Rowing  directly 

*  thrpugh  Ihe  head  of  the  unif^  ^d  the  strainer- 
Case  ^d ^element       be  j^mpved  and  cleaned. 

'  The  ON  and  BYPASS  positions indicated  on 
the  strainer  head.        ,  *      -  ' 

EDGE-DISK  .TYP^  STRAINEr!^A  duplex, 
strainer  of  the  edge-disk  type  is  shown  in  figure 
9-11.  The  strainer  dbnsists  of  two  sections,  each 
'of  which  includes  three  straiper  elements.  A 
control  valve  between  the  two  sections  secures 
one'  section  while  the  other  rein?uris' in 
)  operation.  The  secured  section  acts  as  a  standby 
unit;  it  may  be  opened  for  cleaning  and 
inspection  without  interrupting  the  straifiing 
operation. 

A  strainer  element  of  the"  edge-disk  typ^ 
consists  of  an  assembly  of  thin  disks  separated 
islightl;^  by  spacer  disks.  The  assembly  of  one 
Xyj^  of  strainer  element  is  illustrated  Jn  figure 
9-12.     ^  *         .  . 

The  lower  end  of  a  djisk  assembly  is  closed; 
the  upper  end  is  open  to  the  strainer  discharge. 
Oil  enters  the  strainer  assembly,  and-  is  forced 
down  between  the  casing  and  disk  assembly  artcj 
then  through' the  disks  into  the  center  of  the 
^sk  assembly.'  The  oil  then  passes  lij)  through 
the^  assembly  and  out  the  discharge  outlet,  in 
,  passing  ^  thr5>ugh  the  strainer,  the  oil  passes 
through  the  slots  between  the  strainer  disl£s.  A 
relief  valve  at  the  bottom  of  th^tStrainer  element 
relieves  pressure  which  builds  up^  if  4he  slots 
become  filled  with  foreign  matter.  The  relief 
valve  bypasses  the  oil  up  thi;ough  the  centqj;  bf 
tjhe  strainer  "tlement  and  '  out  the  ^trainer 
discharge  when*  a  predetermined  pressure,  is 
reached.      '     '  ^     .  . 

Wheif  the  assembly  is  turned  by  the  external 
handle,  thp  solids  which  have  lodged  against  or 
between  tlie  disks,  aki  carried  around  until  they 
meet  the  stationary  cleaner  blades.  The 
i^ta^ionary  cleaner  blades  clean  the  solids  from, 
the  strainer  surface,  the  solids  are  compacted  by 
the  cleaner  blades  and  fall  into  the  sump  of  the 
strainer.  To*  keep  the  strainer  in  a^  clean, 
free-filtering  condition,  give  'the  wing  handle 
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Figurt  ^tZ-^Edgt-diffc  typ#  itmintr  •(•mflnt  aumbfy. 

one  or  more  complete  turns  in  a  clockwise 
direction  atjiequcnt  intervsUs.  It  is  therefore  not 
necessary  to  break  any^  connections  or  ^  to 
interrupt  the  flow  of  oil  through  the  stfain«^o 
dean  the  strainer  unit.  If  thejhandle  turns  har^, 
the  strair^r  surfaces  have  heavy  deposits  of 
solids  on  them.  You  shoula  turn  the^  handle 
frequently;  there  is  no  danger  of  turning  the 
handle  too  often,  as  there  are  no  parts  to  wear 
out.  If  turning  the  handle  does  not  clean  the 
strainer,  remove  the  head  and  disk  assembly>«an(^ 
soak  them  in  a  solvent  until  the  solids  are" 
removed/ 

WIRE-MESH  (SCREEN)  TYPE 
STRAINER. -Strainers  installed  on  the  suction 
or  intake  side  of  the  pressure  pumps  a^e 
generally  of  the  wirc-mcsh  (sawn)  type  and  are 
referred  to  as  coarse  strainers.  Some  screen-type 
strainers  are  located  in  the  oil  pan  or  sump.  One 
type  of  screen  strainer  is  shown  in  figure  9-13. 

Filters 

In  filters  approved  ^y  the  Navy,  the 
absorbent  material  ;  is  composed  of  .  such 
substances  as  cellules,  cotton  yan^,  cotton 
waste,  and  paper  disks.  Materials  such  as  mineral 
woodt  fuUer.'s  earth,  and  activated  charcoal 
removf  tlie  compounds  from  additive-type  oils. 
Such  materials  are  not  permitted  in  filters  used 
on  engines  in  naval  service. 
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Fiflur*  9-1 3.~ScrMn-typ«  kibrioAting  oil  straintr. 


Lubricating  oil  filters  are  of  the  simplex  type 
only  .  Filters  may  be  located  directly  in  the 
pressure-lubricating  oil  system  qt  they  may  be 
installed  as  bypass  filters.  When  installed  in  the 
pressure  system,  a  filter  must  contain  a  built-in, 
spring-loaded,  pressure-relief  valve.  The  valve 
must  be  isagc  onough  to  bypass  all^ioil  to  the 
engine  in  case  the  filter  element  becomes 
restrictedn 

Bypass  filters  need  an  orifice  plate  in  the  line 
to  the  filter  to  eontrol  the  amomlt  of  oil 
removed  from  the  lubricating  oil  pr^ure 
system.  The  amount  of  oil  which  flows  throu^ 
a  bypass  filter  is  only  a  small  percentage  of  that 
flowing  through  the  prepare  system.  Th<5  oil 
from  a  bypass  filter  is  returned  to  the  sump 
tank. 

Filters  Vary  as  much  in  design  and 
construction  as  strainers.  Filters  may  be  of  the 
UNIT  type  or  the  TANK  type.  The  unit  type 
filter  may  be  a' single  unit,  a  double  unit,  or  a 
triple  unit.  In  double  or  triple  type  units,  the 
individual  units  are  connected  by  manifolds  for 
inlet,  discharge^  and  sludge  drain.  The  tank  type 
filter  consists  of  a  single  tank  that  has  several 
filter  elements.  In  some  tank  type  filters,  each 
filter-clement  holder  has  a  relief  valvtf  to  protect 
the  element  against  excessive  pressure.  Other 
tank  type  filters  are  constructed  to  withstand 
pressure  greater  than  that  of  the  relief  valve 
setting  on  any  of«.the  pumps  in  the  lubricating 
oil  system.  Example^  of  a  single-unit  type  filter 
and  a  tank  type  filter  are  shown  in  figures  9-14 
and  9-15,  respectively . 

We  have  ^iscussed  only  the  main  parts  of  an 
engine  lubricating  system  to  this  point.  You 
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should  ako  be  famiiiir  with  the  piping  and  the 
j^ges,  thermometers,  and  other  instruments 
essential  to  complete  the  system.  In  the^ 
remainder  of  this  chapter  we  shall  deal  with  the 
types  of  lubricating  oil  filtering  systems,  the 
t>ath  of  cjif  through  i  lubricating  oil  system 
(including  the  internal  or  engine  part  of  the 
system^  how  and  why  lubricating  oil  systems 
are  ventilated,  and  methods  of  purifying 
'  lubricating  oil.  '  -r" 
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LUBRICATING  OIL 
FILTERING  SYSTEMS 


^  The  strainers  and  filters  used  with  fJavy 
diesel  engines  are  a  part  of  what  is  genjirally 
referred  to  as  the  lubricatijig  oil  filtering  system. 
An  engine  use,d  by  the  Navy  may  u§e  one  of  four 
types  of  filtering  systems:  shunt,  full-flow, 
sump,  and  bypass.  The  type  of  filtering  system 
used  depends  on  the  type  of  installation  and  its 
application.  ^  ^ 
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SHUNT  nLTERING  SYSTEM  A. 

In  a  shunMype  filtering  system,  a  pitssiire 
pump  takes  the  oil  from  ^  the  sump  jnd 
discharges  it  first  through  a  strainer,  men 
through  a  filter,  and  finally  through  a  cooler  to^ 
the  engine.  The  pump  delivers  a  constant 
amount  of  oil  per  revolution ,*T)ut  the  resistance 
in  the  strainer  and  the  filter  varies,  depending  on 
the  condition  of  these  units  and  the  temperature 
of  the  oil.  To  ensure  an  adequate  flow  of  oil  to 
the  engii^  at  any  particular  engin^  speed,  the' 
filter  and  the  strainer  each  have  a  bypass  fitted 
with  a  spring-loaded  bypass  valve  through  which 
a  portion  of  the  oil  flows. 

If  the  filter  becomes  clogged  or  if  the  oil  is 
fold,  a  relatively  large  porticm  of  the  lubricatii^ 
oil  is  shunted  through  the  bypass.  Strainers  and 
filters  in  a  shunt-type  fijtering  system  may  also' 
be  manually  bypassed.  Each  "bypasising  unit  has 
three-way  valves  so  that  thei  strainers  may  be 
cleaned  or  filter  clem^|^  may  be  replaced  while 


the  engine  is  operating/ A  schematic  diagram  of 
a  shunt-type  filtering  system  is  ^own  iii  figure 
9-16.  '  • 

fULL-FLOW  FILTERING  SYSTEM 

The  full'flow  fihering  system  is  used  in  most 
new  constructions.  It  is  similar  to  the  shurit-type 
system  except  tliat  the  filter  elements  are 
designed  for  h^  flow  rates  permitting  the 
'entire  pump  delivery  to  pass  through  the 
elements.  The  bypass  valve  •  has  the  same 
function  as  in  the  shunt  system;  however,  the 
valve  will  remain  closed  during  nornjal  engine 
operation.  A  schematic  arrangement  of  a 
full-flow  filtering  system  is  shown  in  figure  9-17. 

In  some  later  installations,  the  lube  oil 
strainer  iS  located  after  th6  lube  oil  cooler,  and 
the  relief  valve  for  the  lube  oil  filter  is  external. 
The  lube  oil  strainer  was  moved  because,  on 
some  occasions,  the  cc)oler  was  not  cleaned 
properly  and  dirt  from  the  cooler  was  carried 
directly  into  the  engine,  damaging  the  bearings. 
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Figurt  9-1S.-Shyf1Myp«  lubricating  oil  filming  lystam. 
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Figurt  ^17.-Futl-flow  iubrtcating  oil  filterltig  systtm. 
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With  the  strainer  located*  after  the  cooltSt,  dirt 
from  the  cooler  cannot  enter  the  engine. 

SUMP  pi  LTERI>}G  SYSTEM 

Tlie  sump-filtering  sy^item  is  similar  to  the 
shunt  system  except  that  the  filter  is  placed  in  a 
separate  recirculating  system  which  includes  a 
separate  motor-driven  pump^  The  sump  system 
permits  the  lubricating  oil  to  circulate  thrmigh 
the  filter  even  when  the  engine  is  secured.  In  the 
sump-type  filtering  system,  the  motpf^riven 
pump  takes  the  oil  to  be  filtered  from/fhe  sump, 
•forces  it  through  the  filter,  and  thenfdischarges 


it  back  into  the  sump.  Oil  to  the  engine  is  taken 
from  the  sump  by  the  engine-driven  pump  and 
forced  through  the  cooler  and  strainer  to  the 
engine.  *The  path  of  the  oil  through  a  sump-type 
filtering  system  is  shown  in  figure  9-18. 

BYPASS  FILTERING  SYSTEM 

In  many  respects,  a  bypass  filtering  syster^i  is 
similar  to  a  shunt  system.  The  primary 
exception  is  that  a  portion  of  the  oil  discharged 
by  the  pressure  pump  in  the  bypass  system  is 
continuously  bypassed  bacJc  into  the  sump, 
.throiigh  the  filter  or  filtdj.  To  ensure  that 
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Figure  9-18.— Siimp-typ^  lubricating  oil  filtering  lystam. 
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sufficient  oil  is  applied  to  the  engine,  tlie 
amount  of  oil  tliat  flows  through  the  filter  is 
limited  by  the  size  of  the  piping  and,  if 
necessary,  by  an  orifice.  A  valve  is  prqvided  so 
that  the  flow  of  oil  to  the  filter  may  be  stopvped. 
The  arrangement  of  a  bypass  filtering  system  for 
one  type  of  engine  is  shown  in  figure  9-19. 


PATH  OF  OIL  THROUGH  THE 
«fESEL  ENGINE  LUBRiyiVTING 
OIL  SYSTEM 

The  path  of  the  oil  through  the  system 
*  piping  and  through  the  components  external  to 


the'  engine  /or  the  four  types  of  diesel 
installations  has  been;  illustrated  in  figures  9-16 
and  9-19.  You  will  note  in  these  illustrations 
that .  the  sequence  of  the  components  through 
which  the  oil  flows  is  not  always  the  same.  In 
general,  the  parts  of  _  the  oil  system  external  to 
the  engine  are  arranged  according  to  the  type  of 
engine  and  the  installation,  and  the  patli  of  oil 
through  the  external  components  is  governed  by 
the  type  of  filtration  system  used. 

"Fhe  part  of  a  lubricating  oil  system^hich  is 
external  to  an  engine  is  classified  according  to 
the .  type  of  filtering  system  used;  the  internal 
part  of  a  lubricating  oil  system  is  classified  as 
either  a  dry-sum^p  type  or  a  wet-sump  type. 
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In  the  dry'^mp  type,  the  oU  is  returned  by 
ip^vity  to  an  oil  pan,  or  sump.  The  oil  is 
delivered  cdnttnudii^y,.  by  an  engine-driven 
scavenging  pump^  from  the  pan,  or  sump,  to  a 
separate  sump  tank,  which  ^  may  include  the 
strainer  and  filter.  The  scavenging  pump 
maintains  the  oil  pan,  or  sump,  nearly  empty  of 
oil;  therefore,  this  systeip  is  known  as  the 
dry-sump  system.  Oil  is  drawn  from  the  sump 
tank  and  recirculated  through  the  engine  by  the 
pressure  pump. 

In  the  wet-sump  system,  the  oil  is  returned 
to  the  oil  pan,  or  sump,  by  gravity  flow  after  it 
has  lubricated  the  various  parts  of  the  engine.  In 
systems  of  the  wet  type,  the  pressure  pump 
draws  oil  directly  from  the  oil  pan,  or  sump,  and 
recirculates  the  oil  through  the  filtering 
equipment  and  the  engine.  The  systems 
illustrated  in  figures  9-16  through  9-19  are  of 
the^Jwet-sump  type.  Note  that  thesie  systems  do 


not  include  a  scavenging  pump  in  the  lubricating 
oil  system.  . 

Even  %ifjghlhe  design  and  Wangement  of 
various  dj^el  engine  lubricating  systems  may 
appear  different,  the  systems  of  mc^t  engines  are 
similar  in  rnany  respects.  Some  of  the  similarities 
and  differences  in  lubricating  oil  systems  have 
been  pointed  out  in  the  preceding  descriptions. 
Learning  to  trace  the  path  of  oil  through  the 
hibricating  oil  system  of  an  engine  will  be  easier 
if  you  refer  to  th?  illustrations  shown  in  this 
chapter  or  in  the  applicable  manufacturer's 
instruction  manual. 

( 

VENTILATION  OF  INTERNAL  SPACES 

Most  engines  have  some  means  to  ventilate 
the  internal  cavities,  or  spaces,  which  are  related 
to  the  Itibricating  oil  system.  Systems  may  be 
vented  directly  to  the  atmosphere  or  through 
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the  engine  in^take  air  system.  Th^  latter  method 
is  preferred  in  muring  installations  where  th^ 
engine  fs'Joca.ted  in  an  en^neroom  or  otlier 
compartment.  Venting  the  heated,  fume-laden 
air  directly  to  the  atmosphere  in  a  compartment 
will  seriouslvcontaminate^  the  compartment  air 
and  may  creatfe  a  fire  hazard.  On  the  other  hand,  • 
.if  the  lubricating  oil  system  i^  not  vented  in 
some  manner,  combustible  gises  -  may 
aCGunjulate  in  the  crankcase  and  oil  j!)an.  Under 
certain  conditions,  these  gases  may  explode. 

Under  normal  operating  ^conditions,  the 
mixture  of  oil  vappr  4ind  air  within  an  engine 
crankcase  is  not  readily  explosive.  However,  if  a 
working  part,  such  as  a  bearing  or  a  piston, 
becomes  overheated  as  a  result  of  Vadequate 
lubrication  or  clearances,  'idditional  oil  will 
vaporize  and  an  explosive  mixture  will  be 
cce^tctf  If  the  temperature  of  the  overheated 
)art  is  higli  enougii  to  cause  ignition  or  if  a 
^damaged  part  strikes  another  p^fl^nd  isauses  a 
spark,  an  EXPLOSION  may  occur.  \  \. 

In  addition  to  the  vapor  created  when 
lubricating  oil  contacts  extremdy  hot  smfaces, 
vapor  may  accumulate  in  the  crankcase  as  a 
rdsult  of  blowby  past  the  pistons.  Blowby  occurs 
'  when  the  piston  is  compressing  the  air  and 
during  the  power  event. 

There  is  little  danger  of  a  crankcase 
explosion  or  other  troubles  caused  by  vapors 
within  the  engine  if  the  engine  is  kept  in 
condition  according  to  the  prescribed 
maintenance  program.  The  ventilation  system  of 
an  engine  greatly  reduces  tlie  possibility  of 
troubles  which  might  ocpur  because  of 
accumulation  of  vapors  rn  the  crankcase. 
-  Nevertheless,  even  wher^an  engine  is  maintained 
according  to  prescribednpro^dures,  casualties 
may  occur,  or  conditions  may  \>c  created  which 
will  lead  to  an  explosionjn  the  crankcase  of  the 
engine.  When  such  casualties  or  conditions 
occur,  they  "tuie  generally  due  to  abnorm^^ 
operating  circumstances  or  to  the  failure  of  a 
part. 

You  should  be  familiar  with  the  possible 
causes  of  crankcase  explosions  so  that  you  can 
Icarn  how'  to  prevent  their  occurrence,  Tlie 
importance  of  knowing  what  may  cause  a 
crankcase  explosion  and  knowing  the 
'precautionary  or  preventive  steps  required  are^ 


app^ent  when  the' aftereffects  of  an  explosion 
are'bonsidered.  A  crankcase  explosion  may  cause 
seridus  injury  tq  personnel  ana  extensive  damage, 
to  the  engine.  Engineroon/ fires  of  a  serious 
nature  may  occur  after  4/crankcase  explosion. 

efects  which  may  lead 
to  a  crankpase' expiosic^  are  crankshaft-bearing 
failure,  da^naged  or  excessively  worn  liners  or 
piston  rings;  and  cracke4  or  seized  pistons.* 


You  may  already  be  famihar  with  th 
preventive  measures  necessary  to  avoid  some/of 
the  troubles  Which  lead  to  the  overheatint  or 
dilution  of  ertgine  lubricating  oil.  Considerably 
more  study  ind  practical  experience  ma^  be 
required  on  .your  part  however  before  you  leten 
how  to  prevent  the  conditions  which  lead  to  the 
ovfefheating  or  idilution  of  lubricating  oil. 


D  LUBRICATING  OIL 


^VERHEA 


The  fortnatioji^of  explosive  vapor  from 
lubricating  oil  is  greatly  accelerated  by  a  rise  in 
the  temperature  of  the  lubricating  oil.  A  rise  in 
ternperature  may  be  due  to  such  factors  as 
insufficient  circulation  of  the  oil,  inadequate 
cooling     of     the     oil,     a  faulty 

^  temperature-regulating  valve,  overloading  of  the 
engine,  or  damaged  or  excessively  worn  parts- 
Immediate  steps  should  be  taken  to  correct 
overheated  lubricating  oil  because,  in  addition  to 
creating  explosive  vapors,  it  has  other  serious 
effects.  The  viscosity  of  the  lubricating. oil, wiil. 
be  greatly  reduced,  and  the  tendency  to  form 

^  gum  will  be  increased/ The  temperatures  of  the 
lubricating  oil  should  be  maintained  at  the  value 
specified  in  the  manufacturer's  technical 
manual. 


DILUTED  LUBRICATING  OIL 


Dilution  of  engine  lubricating  oil  with  diesel 
fuel  oil  or  JP^^hicreases  tKe  tendency  toward 
vapor  formation  lI^4hsL.i^^1lnkcase  because^both 
of  these  fuels  have  lower  flashpoints  than 
lubricating  oil.  Petroleum  products  vary  greatly 
in  their  flashpoints.  (Flashpoint  is  the  minimum 
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temperature  at  which  a  product  of  petroleum  ' 
gives"  off  sufficient  flammable  vapors  to  ignite, 
or  momentarily  flash.)  In  general  terms, 
gasolines  give  off  sufficient  vapor  to  ignite  at 
temperatures  well  below  freezing;  diesel  fuel  oil 
will  give  off  vapor  in  sufficient  quantities  to 
ignite  when  the  oil  is  heated  to  aptJroxiniateiy 
140**  F:  On*^5  other  hand,  a  lubricating  tail 
must  8«  heated  to  a  higher  tempera'ture  (325''  to 
580°  F,  depending  on  the  scries  and  symbol  of 
the  oil)  before  it  reaches  its  flashpoint.  Ypu 
should  remember  that  dilution  alone  canijiot 
cause  a  crankcasc  explosion.  It  may,  however, 
contribute  to  making  an  explosion  possible. 

Dilution  of  engine  lubricating  oil  may  be 
caused  by  a  variety  of  troubles.  In  general, 
dilution  of  the  lubricating  oil  in  diesel  engines 


may  resul.t  from  worn  or  stuck  rings,  worn  liners 
or  pistons,  fuel  leaks,  or  leaky  'nozzles  or 
injectors.  You  should  also  remember  that,"even^  ^ 
though  an  engine  is  in  good  condition,  dilution 
will  occur  during  continuous  engine  operation  at 
low  speeds  and  under  idling  conditions.  Under 
these  conditions  of  operation,  dilution  occurs  as 
a  result  of  the  blowby  of  unburned  fuel  particles 
whicK  accumulate  in  the  combustion  spaces. 

The  effectiveness  of  the  lubricating  system 
depends  on  the  quality  of  the  lubricant  and  the 
gpod  condition  of  the  principal  parts  of  the 
engine..  The  life  of  a  diesel  engine  is  remarkably 
long  if  it  is  effectively  lubricated.  Effective 
lubrication  in  turn  depends  on  timely  " 
completion  of  required  checks,  inspections,  and 
maintenance  procedures.  , 
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CHAPTER  10  ' 

«  « 

FUEL  AND  FUEL  SYSTEAAS 


As  an  Engineiman,  you  win  be  requittd  to 
ensure  that  the  proper  types  of  fu?ls .  and 
lubricants-  are  used  in  the  machinery  in  »your 
ship-  The  first  section  of  this  chapter  deals  with 
the  common  types  of  fuels*,  and  "methods  of 
testing  them,  Tlie  second  section  describes  the 
.'^hardware  systems  and  components  that  store, 
transfer,  and  finally  inject  the  fuel  into  the 
engine  for  burning. 


ENGINE  FUELS  AND  COMBUSTION 


Except  in  an  emergency /the  fuels  burned  in  / 
the  'internal-combustion  engines  used  by  the 
■  Navy  must  meet  the  specifications  prescribed  by 
the  Naval  Sea  Systems  Command-  Thus,  the 
problem  of  selecting  a  fuel  with  the  requir^ 
properties  is  not  your  responsibility.  Yoixi 
primary  responsibility  is  to  follow  th#  rules  and 
regulations  dealing  with  the  proper  use  of  fuels. 
You  must  strictly  adhere  to  all  prescribed  safety 
precautions-  You  must  also  take  every  possible 
precaution  to  keep  fuel  as  fr^e  as  possible  from 
impurities. 

^.  Fuels  arc  generally  delivered  clean  and  free^ 
from  impurities.  However,  the  transfer  and 
handling  of  fue!  .  increase  the  danger  of 
contamination  with  foreign  material  vhich 
.interferes  with  engine  performance.  Sediment 
and  jwater  in  fuel  caiise  engine  wear,  gumming, 
and  corrosion  in  tnte^*-iuel  system.  Foreign 
material  in  fuel  also  causes  an  engine  to  operate 
erratically,  with  a  power  loss.  For  these  reasons, 
periodic  inspection,  cleaning,  and  maintenance 
of  fuel  handling  and  filtering  equipment  are 
necessary.  ✓  • 


Even  thougli  proper  handling  and  Use  are 
yo^r  prime  responsibilities  with  respect  to  fucl,/^ 
kribwing  fuels  and  their  characteristics  will  hetor""^ 
you  understand  some  of  the  problems  in  engincC> 
operation  and  maintenance. 


GASOUNE 


Gasoline  for  use  as  engine  fuel  must  meet 
rigid  requirements.  It  must  vaporize  readily  and 
be  capable  of  producing  power  without  fuel 
knock.  Gasoline  must  also  be^free  of  impurities 
which  would  interfere  with  the  operation  of  the 
engine  or  the  units  of  the  fuel  system*  The 
ability  of  a  liquid  to  change  to  vapor  is  known  as 
VOLATILITY.  All  liquid^  tend  to  vaporize  at 
atmospheric  temperature,  but  their  rates  of 
vaporization  vary.  Tlie  rate  of  vaporization 
increases  as  the  temperature  increases  and  as  the 
pressure  decreases,  temperature  being  the  more 
important  factor-  In  general,  a  highly  volatile 
fuel  win  vaporize  at  atmospheric  temperatures 
whereas*  high  temperatures^  are  required  to 
vaporize  a  fuel  of  low  volatility. . 
■ 

The  volatility  of  gasoline  affects  engine 
starting,  length  of  warmup  period,  and  engine 
performance.  You  may  better  understand  how 
engine  operation  is  kjfluenced  by  the  volatility 
of  tlie  gasoline  by  considering"  how  volatility 
influences  starting  and  fuel  distribution  arid  how 
iVmay^e  the  cause  of  vafpor  lock  and  crankcase 
dilution^  ■ 

Gasoline  must  be  in  the  form  of  vapor  to 
properly  combine  with  oxygen  during 
combustion.  Tliis  is  the  reason  a  liighly  volatile 
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gasoline  is  desirable  for  engine  slatting  llnce  the 
volatility  determines  how  much  fuel  will  be 
vaporized  in  the  fuel-air  mixture  Generally',  the 
proper  fuel-air  mixture  consists  of  about  1 5 
parts  of  air  to  1  part  of  fuel,  by  -weight.  Even 
w^th  tiiis  ratio,  some  of  the  vaporixed  fuel 
condenses  and  coljects  in  the  manifold  \S?hen  a 
**cold"  engine  is  being  started.  Thys,  more  fuel 
must  be.  added  for  starting  and  for  operation 
until  the  engine  reaches  operating  temperatures. 

Proper  distribution  of  fuel  to  the  cylinders 
of  a  gasoline  engine  -depends  in  part  upon  the 
fuel's  being  complett^y  vaporized  and  mixed 
'  with  air  within  the  carburetor.  ,  Incomplete 
vaporization  wiU  '  result  in  ai\  unequal 
distribution  of  the  fuel-air  rfiixture  to  the 
cylinders.  When  the  fuel  is  not  completely 
vaporized,  er]gifte  operation  will  be  "rougli"  and 
power  output  will  decrease.  Also,  the  unbumed 
mixture  will  contribute  highly  to. the  pollution 
of  air  and  water.  A  fully  vaporized  fuel  mixture 
entering  the  combustion  chambers  is  also^ 
essential  for  rapi4  and  smooth  acceleration  of 
the  engine. 

If  combustion  is  to  be  normal,  the  correct 
fuel  must  l?e  used  and  the  efigine  must  be  in 
proper  operating  condition.  If  either  the  fuelV 
the  engine's  operating  condition  is 
unsatisfactory,  a  portion  of  the  fuel  charge  in  a 
cylinder  may  explode  instantaneously,  instead 
of  burning '  gradually.  Loss  of  power  and 
■undesirable  combustioH  noises  are  symptoms  of  . 
such  abnormal  burning  or  uncontrolled 
combustion.  The  noises,  or  knocks,  which  result 
from  abnormal  combustion  are  generally 
referred,  to  as  ' FUEL  KNOCKS,  not  engine 
knocks. 

.  The  antiknock  characteristic  of  a  gasoline  is 
measured  by  its  OCTANE  VALUE.  This  value  is 
expressed  in  terms  of  an  "octane  number."  The 
octane  .number  for  a  gasoline  is  determmed  by 
comparing  the  gasoline's  performance  with  that 
of  a  fuel  for  which  the  octane  value  is  known. 

Two  of  the  hydrocarbons  in  gasoline  are 
iso-octane  and  normal 'heptane.  Iso-octane  has 
high  antiknock  qualities;  normal  heptane  has' 
low.  For  purposes  of  comparison,  pure 
iso-octane  is  considered  to  have  an  octane  value 


of  100  and  normal  heptana  an  octane  value  of 
zero,  The  performance  of  a  gasoline  of  unknown 
•  octane  value  is  compared  witH  tiiq  performance 
of  mixtures  of  normal  heptane  and  iso-ofctane  in 
a  test  engine,  under  specified  test  conditions. 

.  Tlie  proportions  of  iso-octane  and  normal 
heptane  "are  varied  until  the  mixtu^g  gives  the 

■  same  degree  of  knocking  in  the  engine  as  the 
gasoline  with  the  known  octane  value.  The  fuel, 
with  the  unknown  octane- value  is  then  given  an 
octane  rating  number  v^vch  represents  the 
percentage  of  isooctane  in  the  hydrocarbon  test 
mixturq.  For  example,*  a  gasoline,  with  an 
80-octaneL  rating  has  knocking^  characteristics 
similar  to  those  of  a  test  mixture  consisting  of 
80%.  pure  iso-octane  and  20%  normal  heptane. 

Many  of  the  gasoline  engines  used  by  the 
Navy  bum  an  all-purpose  fuel  which  is '  an 
80-octane  gasoUne.  Some  high-speed,- gasoline 
engines  are  designed  to  opera'te  on  fuel  with  not 
less  than  an  87-octane  rating,  while  others 
require  a  100-octane  fuel  for  normal  operation. 
In  either  type'i^if  engine-,  substitutes  may  be  used 
without  fu^-setting  adjustments.  When  a  fuel 
with  a  rating  other  than  that  specified  for  a 
particular  engine  is  used,  the  prescribed  limits  on 
operating  temperatures  and  pressures  of  the 
engine  must  not  be  exceeded. 

With  respect  to  octane  rating,  the  tendency 
of  a  fuel  to  detonate  varies  in  different  engines 
and  in  the  same  engine  under  different  operating 
conditions.  Tlie  octane  rating  has  nothing  to  do 
with  starting  qualities,  potential  energy, 
volatility,  or  otlier  characteristics  of  a  fuel.  In 
general,  the  higher  the  octane  value  of  a  fuel,  the, 
less  the  fuel  will  knock.  You  must  remenibef 
that  each  engine  is  designed  to  operate  within  a 
certain  octane  range.  Performance  will  improve 
with  the  use'  of  higher  octane  fuel  within  that 
range  if  the  time  of  ignition  is  adjusted 
accordingly.  However,  if  an  engine  6perates 
satisfactorily  at  the  upper  limit  of  the  octane 
rating  range,  the  perfqrmance  of  the  engine  will 
not  improve  with  use  of  a  fuel  with  a  higlier 
octane  ^  rating  unless  the  thning  is  advanced 
accordingly.  If  the  i^ition  timing  of  an  engine  is 
advanced  so  that  fuel  with  a  higher  octane  rating 
can  be  used,  it  will  be  necessary  to  retard  the, 
timing  to  prevent  excessive  fuel  knock  when  the 
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use  of  fuel  *with  the  lower  octane  rating  is 
resumed.  '  *^ 

♦ 

During  the  refining  process,  ANTIKNOCK 
COMPOUNDS  are  added^  to  a  gasoline  to  redude 
its  tendency  to' knock.  Antiknock  compounds 
reduce  the  rate  of  feuming  of  tlier^uel  during  the 
^nal  phase  of  combustion.  These  compounds 
also  tend  to  prevent  explosive- 'buTnErtg  or 
detonation.  They  raise  the  octane  rating  of  a 
fuel  artificially,.  * 

.  "  One  of  the  most  common  antiknock 
compounds  is  tetraethyl  leiid.  Since  gasoline  is 
supplied  with  the  proper  amckint  of  lead  or 
other  knock  inhibitor  added,  your  prinxary 
*  responsibility  is  to  use  the  4\iei  for  the  purposes 
intended.  Gasoline  jyhich  contains  antiknock 
compounds  should  be  used  only  for  engine  fuel 
Regulations  specify  that  "gasoline  shall  NOT  be 
used  for  cleaning  purposes  und^r  any 
circumstances."  The  need  for  such  a  regulation 
is  obvious  when" the  fire  and  toxic  hazards  of 
gasoline  are  considered.  Yqu  are  well  aware  of 
the  explosive  properties  of  a  mixture  of  gasoline 
vapor  and  air.  Regular  gasoline  Has  some  toxic 
effect  on  the  human  System; however,  a  gasoline 
with  a  higii  octane  rating  has"a  greater  poisonbus 
effect  because » of  the  greater  lead  content.  The 
lead  compound  vaporizes  with  the  gasoline  and 
may  enter  the  body  when  the  vapor  is  inhaled  or 
may  be  absorbed  tli rough  the  sl^^n.  For  your 
own  safety,  dq  NOT  breathe  air  contaminated 
with  gasoline  vapors,  and  avoid  contact  with  the 
liquid  fuel  If  any  portion  of  your  skin  comes' in 
contact  with  gasoline,  Vash  the  area  with  soap 
and  water. 

Lead-frg^  gasoline  is  now  produced  for  use 
in  modem  automobile  engines  with  catalytic 
exhaust  converters.  Tliis  fuel  uses  various 
Compounds  other  than  lead  to  raise  the  octane 
rating.  Again,  NEVER  use  tliis  gasoline  for 
cleaning,  and  avoid  contaet^ith  the  skin. 


DIESEL  FUEL  OIL 


The  fuel  nonnally  used  in  diesei  engines  is 
diesel  fuel  oil,  but  other  fuels  such  as  JP-5  and 


Tslat?^  distillate  ftiels  are  authorized  for  use  in 
diesel  engines  where  it  is  a  logistic  advantage.  At 

'  present,  most  ships  carry  Navy  distillate  oil  for 

•  bc^lers  and  for  diesel  engines. 

,When  used  in  boils!rs,  Navy  distili»te^  fuel 
bums  mdre  completely  and  cleaner^  leaving 
fewer  carbdn  deposits,  than  the  Navy  standard 
fuel  oil  formerly  used.  Tliis  not  only. helps 
reduce  air  pollution,  but  reduces  tlie  time  spent 
cleaiiing  burners  and  firesides  and  eliminates  the 
need  for  carrying  different  types  of  fue^.  ■ 

Because  of  the  differences  in  the  combustion 
'  processes  and  in  the  fuel  systems  of  diesel  and 
gasoline  engines,  the  fuels  for  these  engines  must 
be  refmed  to  meet  different  requirements.  In 
general;  diesel  enpnes  require  \a;  particularly 
^4j^^'|uel;  otherwise,  the  closely  fitted  parts  of 
the  injection  equipment  will  wear  rapidly  and 
the  small  passages  which  create  the  fuel  spray 
within  the  cylinders  will  become. dfogged.  The 
diesel  fuel  oil  must  have  a  composition  that 
-    permits  it  to  be  injected  into  the  c^^ders  in  a 
fine  mist  of  fog.  Diesel  fuel  oil  mi^^lso  have 
ignition  qualities  that  permit  the  fuel  to  ignite 
properly  and  bum  rapidly  when  it  is  injected 
into  the  cylinders. 

The  self-ignition  point  qfa  fuel  is  a  function 
of  temperature,  pressure,  and  time.  In  a  properly 
operating  diesel  engine  the  intake  air  is 
compressed  to  a  higli  prell^re  (increases  the 
temperature),  and  the  injection  of  fuel  starts  a 
few  degrees,  before  the  piston  reaches  TDC.  The 
fuel  is  ignited  by  the  heat-  of  compression 
shortly  after  the  fuel  injection  starts,  and 
combustion  continues  throughout  thij^jnjection 
period.  Combustion  is  much  slower  "^an  in  a 
gasoHne  engine,  ai^d  the  rate  of  pressure. rise  is 
relatively  small. 

Immediately  after  injection,  the  f^^l 
partially' evaporates  with  a  resultant  chilling 
the  air  in  the  immediate  vicinity  pf  each  fuen 
particle.  However,  the  extreme  he^t  of 
compression  rapidly  heats  the  fuel  particles  to 
the  self-ignitiorf  point  and  combustion  begins. 
The  fuel  particles  bum  as  they  mix  with  the  air. 
Tlie  smaller  particles  bum  rapidly,  but  the  larger 
particles  take  more  time  to  ignit^  because  heat 
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must  be  transferred  into  them  to  bring  them  to 
the  self-ignition  point.  • 

The^  is  always  some  delay  between  the  time  ' 
fuel  isf  injected  and  the  time  it.  reaches  the 
self-ignition  point.   Tliis  delay  is  commonly 

.  referred  to  as  IGNITION  DELAY  or  "lag."  Tl\e 
duration  of  the  ignition  delay  is  dependent  upon 
..  the  characteristics  of  the  fuel,  tlie  temperature 
and^^ssure  of  the  compressed  air  in  the 
.    comipition  s^ce,  the  average  size  of  the  fuel 
particles,  and  the  amount  of  turbulence  present 
in  the  space.  As  combustion  progresses,  the 
temperature  and  pressure  within  the  space  rise;  , 
therefore,  tlie  ignition  delay  of  fuel  partides 
injected  late  jn  the  combustion  process  is  less  ' 
than  in  those  injected  earlier.  In  a  diesel  engine 
the  delay'' period  between  the  start  of  injection ' 
and  the  staff  of  self-ignitibn   is'  sometimes 
referred  to  as  the  first  phase  of  combustion.  The 
second  phase  of  combustion  is  ignition  of  the  ^ 
fi^  injected '  during  the  first  phase  and  tiie 
spread  of  the  flame  through  the  combustion 
space,  as  injection   continues.  The  resulting 
increases  in  temperature  and  pressure  reduce  the 

f  ignition  Jag  for  the  fuel  particles  entering  the 
combustion  space  during  tlie  remainder  of  the 
injection  period.  — 

'  *  *  < 

Remember  that  only  a  portion  of  the  fuel 
has  been  injecte{i  during  the  first  and  second 
phases.  As  the  remainder  of  the  fuel  is  injected, 
the  third  or  final  phase- of  combustion  takes 
place.  Tlie  increasdn  temperature  and  pressure 
during  tlie  se^bond  phase  is  sufficient  to  cause 
most  of  tire  remaining  fuel  particles  to  ignitq 
with  practically  no  delay  in  the  third  phase  as 
they  cpme  from  the  injection  equipment.  The 
^  Igpid    burning   during^  the  , final    phase  of 
combustion'  causes  an  additional,  rapid  increase- 
.  in  pressure,  which  is  accompanied  by  a  distinct 
-and    audib>e\  knock.    Such    a    knock  ■  is 
characteristic    of   normal    diesel  operation, 
particuiariy  at  liglit  loads. 

The  knock  which  occurs  during  the  norinal 
-'operation'  of  ^  a  diesel  engine  sliould  npt  be 
y  confused    with    "detonation."  Generally, 
detonation  in  a  diesel  engine  is  an  instantaneous 
.  explosion  of  a  greater  than  nonnai  Quantity  of 
.  fuel  in  the  cylinder,  instead  of  only  a  portion  of 


the  fuel-charge  (as  in^the  gasoline  engine). 
Whfether  combustion  is  -^normal  or  whether 
detonation  occure  is  determined  by"^  amoynt 
of  fuel  which  is  ignited  instantaHeousiy.  The 
greater  the  amount  -of  fuel  wl\ith  ignites  at  one 
time,  the-gr^ater  the  pressure  risye  and  the  more 
severe  the  knofck^  ■ 

■  .  > 

Detonation  in  a  diesel  engine  is  generally 
■  caused  by  too -much  .delay  iii,  ignition.  The 
greater  the  delay,  the  greater  the  amount  otfuel 
that  accumulates  in  the  cylinder  before  ignition.  * 
When  the  ignition  point  of  the  excels  fuel  is 
reached,  all  of  this  fuel  ignit^  simultane<»isly, 
causing  extremely  liigh  pressures  hi  tlie'cylinder. 
and  an  undesirable  knock.  Tlius,  detonation  in  a 
diesel  generally  "occui^  at  Jwhaf'  is  normally 
considered  the  start  of  tlie  'second  phase  of 
combustion,  instead  of  during  the  final  phase,  as 
in  a  gasoline  engine.  Detonation  in  a  diesel 
engine  may  occur  when  rthe.  engine  is  "not 
warmed  up  sufficiently,  When  fuel  injection 
valves  permit  excessive  fuel  to  accumulate  in  the 
cylinder.  -  •  ' 

Even  though  diesel  fuel  must  have  the  ability ' 
to  resist  detonation/  it  must  ignite 
spontaneously  at  the  proper  time  under  the 
pressure  and  temperature  conditions  existing  in 
the  cylinder.  Tlie  ease  with^  Wch  a  diesel  fuel 
^oil  will  ignite  and  the  manner  in  which  it  bums 
determine  the  ignition  quality  of  the  fuel.  The 
ignition  qualrty  of  a  diesel  fuel  is  determined  by 
its-  Cetane  rating,  or  CETANE  VALUE.  Tlie 
cetane  value  of  a  diesel  fuel  is.  a  measure  of  the 
ease  with  which  tlie  fuel  will  ignite.  The  cetane 
rating  of  any  given  fuel  ii^ddentified  by  its  . 
"cetane  ^;iumber."  The  hig|er  the  cetane 
number,  the'lessiag  tliere  is  between  thj;  tijne 
the  fuel  enters  the  cylinder  and  the  time  it 
begins  to  bum. 

Tile  cetane  rating  of  a  dtesel  fuel  is 
determined  similar  to  the  way  the  octane  value 
of  gasoline  .  is  determined.  However,  the 
hydrocarbons  used  for.  the  reference  %el  are 
cetane  and  alpha-methyl-naphthaline.  Cetane  has 
an  excellent  ignition  quality  (100)  and 
alpha-methyl-naphthaline  has  a  very  poor 
ignition  (zero).  The  cetane  rating  of  a  fuel  whose 
ignition  quality  is  unknown  can  be  determined. 
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by  comparing  its  perfonnance  witli'  that  of  a 
reference  fuel.  The  cetane  number  represents  the 
percentage  of  pure  cetah^  in  a  reference  fuel 
which  ^11  just  match  the  ignitipn  quality  of  the 
fuel  being  tested;  A  higher  cetarfe  number  means 
a  quicker  burning  of  the  fuel  and  a  better  fuel 
from  the  standpoint  of  ignition  and^combustion. 


TURBULENCE  AND  COMBtJSTIOI^  ^ 
IN  DIESEL  ENGINES 

In  both  gasoline  and  diesel  engines,  the  fuel 
and  ail  must  be  properly  mixed  to  obtain 
efficient  cSmbustion.  In  a  gasoline ,  engine, 
mixing  takes  place  outside  of  the  cylinder  (in 
^the  carburetor)  and  the  proper  mixturi^  is  fd^c^d 
into  the  cy4indcr  to  be  compressed.  In  the  diesel 
engine,  however,  fuel  in^  the  form  of  small 
particles  is  sprayed  into  the  cylinder  after  the  dir 
has  been  compresaed.^If  each  particle  of  fuel  is 
to  ,be  surrounded  by  sufficient  air  to  bum  it 
completely  (tliat  is,  if  proper  air-fuel  mix'ture  is 
to  be  obtained),  the  air.  in  tlie  combustion  space 
must  be  in  motion.  Iliis  air  motion  is  called 
TURBULENCE.  ^ 

Various  means  areoi'sed  to  cj'eate  turbulence. 
Design  of  engine  e^^iiipment  and  parts  and,  in 
some  engines,  a  ppocess-  called  precombustion 
enter  into  the  creation  of  proper  ^urbulena^ 
witliip  the  cylinder  of  an  engine. 


METHODS  OF  CREATING  TURBULENCE 


'  Fuel  is  distributed  in  the  cylinder^  of  a  diesel 
engine  by  injection  nozzles  which  atomize  the 
fuel  and  direct' it , to  the  'desired*  portions  of  the 
combustion  space.  FUEL  INJECTION  creates 
some  turbulence  but  not  enough  for  efficient 
combustion- 

Iflr'^T^roke  cycle  engines,  scavenging-air 
PORTS  are  designed  and  located  so  that  the 
intake  qir  enters  the  cylindeX^with  a  whirling- or 
circular  movement.  The  movement  of  the  air 
continues  through  the  cof|tpression  eyent  and 
aids  in  mixing  the  air  and  fuel  when'injection 
occurs. 


While  fuel  injection  and  the  ports  in  2-stroke 
cycle  engines  aid  in  creating  air  movement, 
additional  turbulence  . is  created  in  most  engines 
by  special  shapessin  the  C0MBUST40N  SPACE. 
TThese^apes  may  include  the  piston  crown  and 
that  portion  of  the  cylinder  head  which  forms 
part  of  the  main  combustion  space.  In  some 
engine^,  *  auxiliary  combustion  chambers  ^  are 
provided  as  part  of  tije  combustion*  space  to  aid 
in  mixing  the  fuel  and  air. 

Even  though,  tliere  ^e  majiy  types  of 
combustion  *  chambers,  all  are  designed  to' 
produce  one  effect- to  bring)  sufttcient  air  in 
contact  with  the  injected  fuel  partifcles  to 
provide  complete  combustion  at  a  constant  rate. 
Combustion  chambers  may  be  broadly  cISssified 
under  four  ^ypes:  open,  precdtnbustion,^ 
turbulepce,  and/divided  chainber^.The  last  three 
terms  are  more  Commonly  used  to  identify 
auxilfa^  combustion  ^  chambers;  they  are 
^^ociated  with  the  process  called 
precopibustion. 

^  ■  .  - 

Anx^pen  combustion  chamber  is'  the  simplest 
in  Torm.  .The  fuel  is;injccted  directly  into  the 
{op'of  the  combustion  space.  The  piston  crown 
and  (in  some  designs)  the  cylinder  head  are 
shaped  to  cause ^ a  s\^rling  motion  x)f  the  air  as 
the  piston  mbve^  toward  TDC  during  the 
compression  event;  There  are  no  ^  special 
chambers  to  aid  in  creating  turbulence.  Open 
combustion  chambers  require  liigher  injection 
pressured  and  a  greater  degree  of  atomi?ation 
'than  other  types  to  obtain  tlae  same  degree  of 
turt)ulence  and  mixing.  '  ^  ' 


PRECOMBUSTION  AND  TUI^BULENCE  , 

Some  diesel  engines  have  in  au^dliary  space 
or  chamber  at  or  near  the  top  of  each  main 
cbmbusticin  space.  These  chainbejs  receive  all  or 
part  of  the  injection  fuel  and  bondition  it  for- 
final  'Combustion  m  the  main  combustion 
chamber  of  t)ie  cylinder.  Tliis  conditioning, 
calkd  precombustion,  involves  a  parti^^ burning 
^of  the  fuel  before  it  enters  the  main  combustion 
space.  Trecombustion  helps  to  create  the 
turbulence  needed  to  properly  mix  the  fuel  and 
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air.  Because  of  differences  in  designs,  tlie 
manner  ip  which  precombustion  aids  in  creating 
turbuieiTCe  differs  from  one  type  of  auxiliary 
combustion  chamber  to'  another.  For  this 
^  reason,  we  shall  discuss  tiiree  t^pes  of  auxiliary 
chambers  by  their  ,  common 
names-precombustion  chambers,"  turbulence 
chambers,  and  air  or  energy  cells. 

Look  at   figure    10- 1    to   see   how  the 
precombustion  chamber  creates  turbulence.  The 
precombustion  -chamber,  spherical  in  shape,  is 
located  in  the  cylinder  head  directly  over  the 
center  of  the  piston  crown.  The  precombustion 
chamber  is  connected  to  the  main  combustion 
^  space  of  the  cylinder  by  a  multiple  orifice  called 
.a^bumer.   During  the  compression  event,  a 
relatively  small  volume  of  compression-heated 
•air  is  forced  through   the*  burner  into  the 
precombustion  chamber.  Heat  stored  by  the 
burner    inc^ascs    the    temperature    of  the 
compressed  air  aifc  facilitates  initial  ignition. 

Fuel  is  atomized  and  sprayed  into  the  hot  air 
in  the  precombustion  chamber  (A  in  fig,  10-1) 


I 

o 

) 

L!J 

Figura  10^1.-  Prccombuition  chambtr. 
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and  combustion  starts  (B).  Only  a  small  part  of 
the  fuel  is  burned  in  the  precombustion  chamber 
becau^  of  the  limited  amount  of  oxygen.  The 
f^el  which  does  burn  in  the  chamber  creates 
enougli  heat  and  pressure  to  force  the  fuel,  as 
injection  continues,  into  the  cylinder  at  great 
velocity  (C),  The  velocity  of  the  fuel  entering 
the  main  combustion  space  and  the  shape  of  the 
piston  crown  help '  to  create  the  necessary 
turbulence  within  the  cylinder  (D). 

Engines  that  have  precombustion  chambers 
do  not  require  fueUnjection  pressures  as  great  as 
engines  tKaf^ave/open  type  chambers.  Also,  the 
spray  of  inject^Q  fuel  can  be  coarser,  smce  the 
precombustion  chamber  functions  to  atomize 
the  fuel  further  before  it  enters  the  cylinder. 

Some  \ngines  have  auxiiiaryN^ombustion 
chambers.  They  differ  '  mainly  from 
precombustion  chambers  in  tliat  nearly  all  of  the 
air  supplied  to  the  cylinder  during  the-  intake 
event  is  forced  into  the  auxiliary  chamber  during 
the  compression  event.  Auxiliary  chambers  in- 
which  tliis  occurs  are  sometimes  referred  to  as 
TURBULENCE  CHAMBERS.  Tliere  are  several 
variations  of  turbulence  chambers,  one  of  which 
is  illustrated  in  figure  10-2. 

Note  (in  fig.  1 0-2)  how  turbulence,  indicated 
by  the  arrows,  is  created  in  tjie  auxiliary 
chamber  as  compVe^ion  (A),  injection  (B),  and 
combustion  (C)  take  place.  In  engines  with., 
turbulence  chambers  there  is  very  little  clearance 
between  the  top  of  the  piston  and  the  head 
when  the  piston  reaches  TDC.  (See  B,  fig.  10-2.) 
For  this  reason,  a  high  percentage  of  the  air  in 
the  cylinder  is  forced  into  the  turbulence 
chamber  during  the  compression  event.  The 
shape  of  the  chamber  (usually  spherical)  and  the 
size  of  the  opening  througli  which  the  air  must  ' 
pass  help  to  create  turbulence.  Tlie  opening  to 
the  turbulence  chamber  becomes  smaller  as  the 
piston  reaches  TDC,  thereby  increasing  the 
velocity  of  the  air.  Velocity  plus  deflection  of 
the  air  as  it  enters  the  auxiliary  chamber preates 
considerable  turbulence.  Fuel  injection  (see  B  of 
fig.  10-2)  is  timed  to  occur  when  the  turbulence 
in  the  chamber  is  the  greatest.  Tfiis  .ensures  a 
thorougli  mixing  of 'the  air  and  fuel.  Tl'ie  greater 
part  of  combustion  takes  place  within  the 
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Figure  10-2.— Turbulence  ch^ber. 
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turbulence  chamber  and  is  completed  as  the 
burning  gasts  expand  and  force  the  piston  down 
in  the  power  event. 

In  some  high-speed  diesel  engines, 
turbulence ^is  created  by  an  auxiliary  chamber 
referred  to  as  an  ENKRGY  (AIR)  CELL.  Energy 
cells  differ  in  design  and  location-  In  most 
engines,  the  cells  are  located  in  the  cylinder 
heads.  One  ty{>e  of  energy, cell  whi^h  is  located 
in  the  cylinder  head  is  a  divided  chamber  and 
turbulence  chamber.  The  Lanova  combustion 
chamber  with  energy  cell  is  the  divided  chamber 
type.  Cross-sectional  top  and  side  views  of 
divided    auxiliary    combustion    cham-her  are 

shown  in  figure  10-3.  i 

* 

llie  divided  auxiliary  combustion  chamber 
illustrated  in  figure  103  consists  of  a  main 
combustion  chamber  (turbulence  chamber) 
shaped  like  a  figure  8  and  an  energy  cell 
(precomHustion  chamber)  which  includes  two 
air  chambers.  Tlie  main  combustion  chamber  is 
centrally  located  over  the  piston  and  provides  a 
housing  for  the  engine  valves.  The  energy  cell, 
consisting  of^the  major  and  minor  air  chambers^ 
is  located  to  the  side  directly  opposite  the  fuel 
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Figure  10-3. -Divided  eon^buition  chamber. 
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injection  nozzle.  Tlie  inn^ir,  or  minor,  air 
chamber  of  the  energy  cell  is  connected  to  the 
main  combustion  chamber  and  to  tiie  largei-,  or 
major,  chamber  of  the  ceil  by  funnel-shaped 
..passages,  ^ 

TTie  air  -charge  is  forced  into"  the  main  . 
combustion  chamber  during  the  compression 
event  with  a  relatively  small  amount  entering  the, 
energy  cell  at  high  velocity.  Most  of  the  fuel 
remains  in  the  minor  air  chamber.  However, 
enough  fuel  enters  the  major  air  chamber  (where 
a  sufficient  quantity  of  compression-heated  air  is 
available^  to  create  a  spontaneous  combustion  bf " 
the  mixture  of  fuel  and  air.  Combustion  in  the 
major  air  chamber  produces  an  extremely  rapid 
rise  in  prt^SSyre  which  forces  the  fuel  ^  the 
minor  air  cell  back  into  the  main  combustion 
chamber..  Because  of  the  shape  \of  the  main 
combustion  chamber,  an  exceedingly  high  rate 
of  turbulence  is  created;  thus  causing  a  highly 
efficient  mixing  of  unbumed  fuel  with  the  air  in 
the  main  combustion  chamber.  Combustion  in 
the  main  chamber  is  relatively  smooth  and 
continuous  compared  to  the  spontaneous  nature 
of  the  combustion  in  the  energy  cell.  Tlie 
restrictions  in  the  connecting  passages  of  the  air 
chambers  control  the  flow  of  fuel  back  into  the 
main  chamber  so  that  combustion  is  prolonged, 
rather  than  sudden.  Therefore, \  the  rate  of 
pressure  rise  On  the  piston  is  gradual,' resulting  in 
smooth  engine  operation. 

I  Tlie  divided  combustion  chamber  is  similar, 
jin  some  respects,  to  other  types  of  chambere.  It 
is  similar  to  an  open  combustion  chamber  in 
that  the  main  volume  of  air  remains  in  the  main 
combustion  chamber  and  principal  combustion 
takes  place  there.  Both  tire  divided  chamber  and 
the  turbulence  chamber  depend  on  a  higli  degree 
of  turbulence  to  ensure  thorough  mixing  and 
distribution  of  the  fuel  and  air.  However, 
turbulence  in  a  divided  combustion  chamber  is 
dependent  on  thermal  expansion  caused  by 
combustion  in  the  energy  cell  and  not  on  engine 
speed  as  in  other  types  of  auxiliary  combustion 
chambers. 


FUEL  SYSTEMS 

In  this  section  wc,  shall  deal  with  diesel 
engine  fuel  systems.  Fuel  systems  are  divided 


into  two.  groups:  external  fuel  systems  and  fuel 
injection  systems. 

The  external  fuel  system  stores  and  delivers 
clean  fuel  to 'the  fuel  injection  system.  In 
delivering  fuel  to  the  cylinders,  the  fuel* injection 
system  must  fulfill  the  following  requirements; 

1 .  Meter  or  measure  the  correct  quantity  of 
fuel  iiyected 

2.  Time  the  fuel  injection 

,    3.  Control  the  rate  of  fuel  injection 

4.  Atotnize  or  break  up  the  fuel  into  fine 
particles  according  to  the  type  of  combustion 
chamber 

5.  Pressurize  and  distribute  the  fuel  to  be 

injected  / 

The  ideal  condition  in  the  combustion  space 
is  to  create  a  homogeneous  mbcture  of  the 
smallest  possible  fuel  particles  and  air  in  the 
correct  proportions.  Although  it  is  not  possible 
.  to  achieve  an  ideal  condition,  a  good  fuel 
injection  system  will  come  close. 

IVpTERING  OF  FUEL  INJECnON 

Accurate  metering  or  measuring  of  the  fuel 
means  |}jat  for  the  same  fuel  control  setting  the 
same  quantity  of  fuel  must  be  delivered  to  each 
cylinder  for  each  power  stroke  of  the  engine. 
Only  with  accurate  metering  can  the  engine 
operate  at  uniform  speed  with  a  uniform  power 
output.  Smooth  engine  operation  and  an  even 
distribution  of  the  load  between  the  cylinders 
are  dependent  (1)  on  the  same  volume  of  fuel 
being  admitted  to  a  particular  cylinder  each  time 
it  fires  and  (2)  on  equal  vjDiumes.of  fuel  being 
djjlivered  to  all  cylinders  of  the  engine. 

TIMING  OF  FUEL  INJECTION 


In  addition  to  measuring  the  aniount  of  fuel 
injected,  the  'system  must  properiy  time  t^ic 
injection  to  ensure  efficient  combustion  so  that 
maximum  energy  can  be  obtained  from  the  fuel' 
When  fuel  is  injected  too  early  into  the  injection 
cycle,  it  may  cause  the  engine  to  detonate  and 
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lose  power,  and  have  low  exhaust  temperatures. 
If  the  fuel  is  .injected  late  into  the  injection 
cycle,  it  will  cause  the  engine  to  have  high 
exhaust  temperatures,  smoky  exhaust,  and  a  loss 
of  power.  In  both  situatic3ns,  fuel  economy  will 
be  low  and  fuel  consumption  will  be  higli. 


resulting  from  the  fuel  passing  through  the  air  at 
high  velocity,  causes  the  fuel  to  break  up  into 
4  small  particles. 

PRESSURIZING  ANb 
DISTRIBUTION  OF  FUEL 


RATE  OF  FUEL  INJECTION 


A  fuel  systcm'must  also^conttol  the  rate  of 
injection.  The  rate  at  which  fuel  is  injected 
detennines  the  rate  of  combustion.  .The  rate  of 
injection  ^t  the  start  ^ould  be  low  enough  that 
excessive  fuel  does  not  accumulate  in  the 
cylinder  during  the  initial  ignition  delay  (before 
combustion  begins).  Injection  should  proceed  at 
such  a  rate  that  the  rise  in  combustion  pressure 
is  not  excessive;* yet  the  rate  of  injection  must 
allow  fuel  to  be  introduced  as  rapidly  as  possible 
to  obtain  complete  combustion.  An  incotrect 
rate  of  injection  will  affect  engine  operation  in 
the  same  way  as  improper  timing.  If  the  rate  of 
injection  is  too  high,  the  results  will  be  similar  to 
those  caused  by  an  excessively  early  injection;  if 
the  rate  is?  too  low,  the  results  will  be  similar  to 
those  cjRfsed  by  an  excessively  late  injection. 


ATOMIZATION  OF  FUEL 


As  used  in  connection  with  fuel  injection, 
atomizati*n  .means  the  breaking  up  of  the  fuel, 
as  it  enters  the  cylinder,  into  small  particles 
which  form  a  mist-like  spray.  Atpmization  of 
the  fuel  must  meet  the  requirements  of  Uxc 
combustion  chamber.  Some  chambers  require 
very  fine  atomiiation,  otiiers  can  function  with 
coarser  atomization.  Proper  atomization  assists 
the  starting  of  the  burning  process  and  ensures 
that  each  minute  particle  of  fuel  will  be 
surrounded  by'  particles  of  oxygen  witli  which  it 
can  combine. 

Atomization  is  generally  obtained  when  the 
liquid  fuel  under  higli  pressure  passes  througli 
the  small  op€ning(s)  in  the  injector  or  nozzle. 
The  fuel  enters  ^h^^  combustion  space  at  higli 
velocity  because  the  pressure  in  the  cylinder  is 
lower  than  the^-  fuel  pressure.  The  friction, 


Before  injection  can  be  effective,  the  fuel 
pt&§sure  must  be  sufficiently  higher  thsm  that  of 
the  <>wnbustion  chamber  to  overcome;  the 
compression  pressure.  The  high  pressure  also 
ensures  penetration  and  distribution  of  the  fuel 
in  the  combustion  chamber.  Proper  dispersion  is 
essential  if  the  fuel  is  to  mix  thoroughly  with 
the  air  and  to  burn  efficiently.  While  pressure  is 
a  prime  contributing  factot,  the  dispersion  of 
the  fuel  is  influenced  in  part  by  atomization  and 
penetration  of  the  fuel..  (Penetration  is  the 
distance  through  which  the  fuel  particles  are 
carried  by  ^e  kinetic  energy  imparted  tp  them 
as  they  leave  the  injector  or  nozzle^  Fjriction 
between  the  fuel  and  the  air  in  the  combustion 
space  absorbs  this  energy.) 

■ 

If  the  atomization  process  reduces  the  size 
of  the  fuel  particles  too  much,  they  will  lack 
penetration.  Insufficient  penetration  results  in 
ignition  of  the  small  particles  of  fuel  before  theiv 
have  been  properly  distributed  or  dispersed  in) 
the  combustion  space.  Since  penetration  ang 
atomization  tend  to  oppose  each  other,  a  degree 
of  compromise  in  each  is  necessary  in  the  design 
of  fuel  injection  equipment,  particulariy!  if 
uniform  distribution  of  fuel  within  the 
combustion  .  chamber  is  to  be  obtained.  Tlie 
pressure  required  for  efficient  injection  and,  in 
turn,  proper  dispersion  is  dependent  on  the 
compression  pressure  in  the  cylinder,  the  size  of 
the  opening  through  which  the  fuel  enters  the 
combustion  space,  the  shape  of  the  combustion 
space,  and  the  amount  of  turbulence  created  in 
tlie  combustion  space.      >  ,  . 

To  control  an  engine  means  to  keep  it 
running  at  a  desired  speed  either  in  accordance 
with  or  regardless  of  the  changes  in  the  load 
carried  by  thc^  engine.  The  degree  of  control 
required  depends  on  two  factors:  the  engine's 
performance  characteristics  and  the  type  of  load 
which  it  drives. 
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In  dies^l  engines,  a  varying  amount  of  fuel  is 
•  mixed  with  a  constant  amount  of  compressed  air 
inside  tiie  cylinder.  A  full  charge  of  air  entere 
the  cylinder  during  each  intake  event.  The 
amount  of  fuel  injected  into  the  cylihders 
controls  cbmbustion  and  thus  dete^gines  the 
speed  and  pow<«-output  of  a  diesel  engine.  A 
governor  is  prfevided  to  regulate  the  flow  of  fuel. 

Other  devices,  either  integral  with  the 
govenior  or  mounted  separately  on  the  engine, 
are  used  p  control  overspeed  or  overload. 


EXTERNAL  FUEL  SYSTEM 


,Tlie  fuel  oil  ^^em  in  a  diesel-powered  naval  ^ 
vessel    must  installed,    operated,    and  ' 

maintained  with  die  same  care  and  supervision 
as  the  slup's  engines.  Inspections,  maintenance, 
and  operation  of  fi^el  oil  tanks  and  fuel-handling 
equipment  must  be  carried  out  in  accordance. 
^  with  U.S.  Navy  Regulations  and  the  manuals  of* 
the  various  bureaus  concerned. 

The  fuel  is  pumped  from  the  storage  tank  to 
the  supply  or  day  tank,  and  from  there  it  is 
delivered  to  the  fuel  injection  pumps  on  the 
en^ne.  It  is  good  practice  to  clean  the  fuel  of 
sediment  and  water  before  it  enters  the  supply 
t^nk.  Tliis  is  usually  done  with  a  centrifugal 
purifier.  Tlie  fuel  is- transferred  from  the  supply 
tank  by  an  engint^riven  pump  (also  called 
booster,  transfer,  or  primary  pump)  througli  a 
metal-edge  strainer'- '  and  a  cartridge-type, 
replaceable  element,  filter  to  a  header  on  the 
suction  side  of  the  fuel  injection  purnps.  Excess 
fuel  pumped  to  the  fuel  header  and  from  the 
fuel  injection  pumps  is  returned  to  the  supply 
tank. 

•  Tlie  centrifugal  purifier  is  a  machine  similai" 
to  the  separator  u^ed  for  separating  cream  from 
milk.  The  oil  enters  a  revolving  bowl  which 
tends  to  throw  any  heavy,  solid  contaminants  to 
the  outside  of  the  bowl,  followed  by  an 
intermediate  layer  of  water  which  is  heavier  than 
the  oil  but  ligliter  than  the  solids,  and  finally  a 
central  core  of  oil.  Tlie  discharge  holes  in  the 


top  of  the  bowl  are  so  located  that  tl^  water  can; 
be,  drawn  off  separately  from  the  fueloil.  (Note: 
Water  in^  the  fuel  oil  will  probably  cause  the 
injection  system  to  fail.)  The  solid  material 
collects^around  the  outer  area  of  the  bowl  and 
must  be  cleaned%<rt  periodically.  This  cleaning 
should  be  done  once  a  day  unless  idleness  of 
engine  or  exceptionally  clean  fuel  permits  more 
,  extended  pefriods. ' 

The  supply  or  day  tank  is  usually  vented  to 
tlie  atmosphere  and  mounted  at  a  high  point  in 
the  fuel  system  to  allow  all  air  to  escape.  All  fuel 
lines  must  be  kept  under  a  pressure  greater  than 
atmospheric.  Also,  excessive  foaming  or 
splashing  of  ^fuel  oil  in  the  tanks  should  be 
avoided  so  that  the  ai^  will  not  become 
entrained  with  the  fuel;  the  air  interferes  with 
proper  operation  of  the  injection  pump. 

The  eitgine-driven  fuel  transfer  pump  is  the 
positive-ijisplacement  type,  usually  with  a 
built-in  relief  valve  to  ensure  constant  pressure 
to  the  injection  system.  The  fuel  strainer  is 
located  on  the  suction  side  of  the  transfer,  pump, 
and  the  filter  is  connected  into  the  system  on 
tlie  discharge  side  of  the  pumP-  The  pressure 
drop  across  these  filters  and  strainers  increases 
with  time.  For  this  reason,  some  systems  have  a 
relief  valve  in  the  line  before  the  cartridge  filter 
so  that  the  bypassed  oil  can  be  returned  directly 
to  the  supply  tank.  The  relief  valve  ensures  a 
more  constant  fuel  supply  pressure  and  also 
tends  to  vent  entrained  air  from  the  suction  sic^e 
of  the  system. 

The  primary  metal-edge  fuel  strainer  used  in 
Navy  installations  is  a  duplex  type  which  is 
actually  two  complete  strainers  connected  by 
suitable  header*  or  piping.  This  arrangement 
allows  either  strainer  to  be  completely  cut  out 
of  the  system  for  cleaning  or  repair  wliile  all  of 
the  oil  flows  through  the  other  strainer.  Figure 
10-4  shows  a  typical  metal-edge  strainer.  A 
magnified  view  of  a  portion  of  the  element  is 
shown  in  figure- 10-5,  The  oil  flows  from  the 
outside  to  the  inside.  In  Navy-approved 
strainers,  the  spaces  between  the  leaves,  or 
ribbons,  which  act  as  oil  passages  arj  between 
0.001  and  0.0025  inch.  Tlie  pressure  drop  acrossf 
these  strainers  must  not  exceed  1.5  p§i,  with  an 
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Rguft  tO-4.-Prim»rY  fu«l  strainer. 


2S6.149 

Ftgur«  10-5.— Enlarged  section  of  ribbon  in  strainer. 

oil  flow  equal  to  the  full  capacilV  of  the  fuel  oil 
pump.  In  some  engines  a  duplex  strainer  is 
placed  between  the  fuel  supply  tank  and  the 
transfer  {(ymp  and,  in  operation,  may  be 
working  under  a  vacuum. 

The  secondary,  cartridge-typ^,  fuel  oil  filter 
contains  elements  which  are  built  to  standard 
Navy  dimensions.  All  new  engine/ construction 


must  incorporate  such  filter-  elements.  The 
pressure  drop  across  clean  and^  n«w  elements 
should  not  exceed  4.5  psi.  The  elements  should 
be  changed  when  the  pressure  drop  reaches  th^ 
value  specified  in  the  manufacturer's  instruction 
book.  The  sump  .of  th^^  filters  and  strainers 
should  be  drained  as  often  as  practicable, 
preferably  when  the  fuel  is  flowing. 


FUEL  IN  JECnON  SYSTEM 

Although  there  are.  several  types  of  fuel 
iiygction  systems  in  use,  their  functions  are  the 
'samp.  The  primary  function  of  a  fuel  injection 
system  is  to  deliver,  fuel  to  the  cylinders  at  the 
proper  time  in  the  proper  quantity,  under 
various  engine  loads  and  speeds. 

The  fuel  iiyection  system  may  be  the  air 
injection  type  or  the  mechanical  (solid)  type. 
Since  tjjere  are  no  air  injection  systems  now  in 
use,'  we  ^all  limit  our  diSfcussion  to  systems  of 
the  mechanical  injection  type. 

Mechanical  injection  systems  may  be  divided 
into  three  main  groups:  (1)  commcm-rail,  (2) 
individual  pu^p  or  jerk  type,  and  (3)  distributor 
type.  These  types  of  systems  may  be  further 
subdivided.  The  commc«-rail  may  be  divided 
into  the  basic  or  original  system  and  tht 
modified  common-rail  system.  The  individual 
pump  system  may  be  divided  into  the  original 
system,  which  has  a  separate  pui^and*separate 
fuel  injector  nozzle  for  each  cylinder  in  thcr 
engine,  and  the  modified  system,  such  as  the 
General  Motors  type  that  has  tlie  injection  pump 
and  fuel  nozzle  in  one  unit,  called  the  unit 
injector.  The  Roosa  Master  system,  the 
Cummins  PT  system,  and  Bosch  PSB  series 
systems  are  examples  of  the  distributor  type 
system. 


COMMON-R^AIL  INJECTION  SYSTEM 

The  basic  common-rail  system  consists  of  a 
high-pressure  pump  which  discharges  fuel  into  a 
'  common  rail,  or  header,  to  which  each  fuel 
^  injector  is  connected  by  tubing.  A  spring-loaded 
bypass  valve  on  the  header  maintains  a  constant 
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pressure  in  the  system,  returning  all  excess  fuel 
to  the  fuel  supply,  tank.  Hie  fuel  injectore  are 
operated  mechanically,  and  the  amount  of  diesel 
fuel  oil  injected  into  the  cylinder  at  each  power 
stroke  is  controlled  by  the  lift  of  the  needle 
valve  in  the  injector.  The  principal  parts  of  a 
basic  common-rail  system  are  shown  in  figure 
10-6. 

MODIFIED  COMMON-RAIL 
(CONTROLLED-PRESSURE)  SYSTEM 

The  modified  cammon-rail  system, 
sometimes  called  the  con ttolled- pressure  system, 


differs  from  the  basic  system  in  that  the 
modified  system  has  (I)  mechanically  operated 
fuel  injectors  and  (2)  the  nozzles  are  operated 
hydrauUcally  instead  of  mechanically.-  The 
nozzles  of  tlie  modified  system,  shown  in  figure 
10-7,  do  not  meter  the  fuel;  instead,  (3)  the  fuel 
is  metered  by  the  injectors.  In  addition,  (4) 
-pressure  is  regulated  by  the  higli-pressure  pump, 
instead  of  by  a  pressure  regulator. 

The  pump  plunger,  on  its  downward  stroke, 
first  closes  small  holes  that  connect  the  pump 
barrel  with  the  fuel  admission  lihe.  Additional 
downward  motion  increases  the.  oil  pressure  in 
the  pump  until  it  opens  the  spring-loaded 
dischai^e  valve  and  delivers  the  oil  into  the 
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Figure  1f>'7,-Modifi«d^ioimons'ai)  injection  lysttm. 


injection  system.  -During  the  return  stroke,  the 
sprirjg  moves  the  plunger  upward,  creating  a 
vacuum.  When  the  plunger  uncovers  the  holes  on 
top,  oil  from  the  suction  side  enters  into  the 
pump.  The  oil  from  the  fuel  oil  pressure  tank, 
on  its  way  to  the  suction  side  of  the  pump,  is 
admitted  first  to  the  inner  ade  of  a  sleeve  (sleeve 
valve).  Tlie  inner  and  outer  sleeves  (fig.  10-7) 
have  two  mating  holes.  By  turning  the  sleeves, 
one  relative  to  the  other  and  to  tiie  hoUang,  the 
amount  of  fuel  admitted  to  the  pump  is  adjusted 
to  meet  the  load  and  speed  requirements.  The 
outer  sleeve  is  set  and  turned  by  the  governor  to 
admit  enougli  fuel  to  correspond  t.p  the  load 


carried  by  the  engine.  The  inner  sleeve  is  turned 
by  a  mechanism  set  to  maintain  a  prescribed 
constant  pressure  in  tlie  system.  If  the  pressure 
goes  up,  the  sleeve  is  Jumed  to  decrease  the 
effective  area  of  tlie  opfening  between  the  two 
sleeves.  Tlie  amount  of  fuel  taken  by  the  pump 
is  thus  reduced  and,  as  a  result,  the  pressure  in 
the  system  is  decreased.  On  tlie  other  hand, 
when  the  pressure  begins  to  drop,  the  sleeve  is 
turned  in  the  opposite  direction  to  increase  the 
effective  area  of  the  opening,  more  fuel  goes 
into  the  pump,  and  the  pressure  goes  up. 

The  injection  nozzle  consists  of  a 
spring-loaded  plunger  with  a  cone-shaped  end 
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which  acts  as  a  valve.  When  the  injection  nozzle 
valve  is  raised  from  its  seat  by  tlie  oil  pressure, 
the  valve  is  opened>When  the  oil  pressure  drops, 
the  spring-loaded  injection  nozzle  valve  is 
returned  to  its,  seat,  clc^dng  the  valve,  A  quick 
closing  of  tlie  injection  nozzle  and  elimination 
of  afterdribbling  of  the  fuel  into  the  combustion 
space  is  obtained  as  follows:  the  lifter  plunger  is 
drilled  lengthwise  at  its  center  from  the  valve 
end/to  a  point  in  line  witJi  the  recess  in  the 
nozzle  body  (fig,  1  OT-^Si^other  hole,  drilled  at 
a  right  angle  to  the  centml  hole,  connects  with 
it,  forming  a  passage  from  the  lifter  end  to  the 
recess  and  through  ft  to  the  drain  tank.  Tlie 
bottom  of  the  injeclpr  valve  is  lapped  to^a  seat 
I  with  the  end  of  the  lifter  plunger  so  that  when 
the  two  are  brought  in  contact  during  injection, 
the  passage  througli  the  plunger  is  sealed.  As 
soon  as  the  fuel  cam  releases  the  lifter  plunger, 
the  valve  is  closed  by  its  spring  (fig.  10-7).  The 
oil  pressure  on  the  end  of  tlie  lifter  plunger  will 
move  it  downward,  and  a  small  amount  of  fuel 
oil,  will  be  spilled  to  the  drain  tank,  relieving  the 
oil  pressure^ in  the  nozzle'.  The  lifter  spring  will 
then  return  the  lifter  plunger  to  a  contact  with 
the  valve.  This  arrangement  is  also  a  safety 
feature  to  prevent  passage  of  the  fuel  oil  into  Ih^ 
engine  cylinder,  except  when  necessary,  even  if. 
the  injector  valve  should  leak  at  its  seat. 

The  advantage  of  tlie  modified  common-rail 
system  over  the  basic  common-rail  system  is  that 
little  effort  is  required  to  adjust  the  operating 
pressure.  The  modified  system  can  be  attached 
to  the  engine  governor,  or  throttle,  so  that  the 
pressure  automatically  changes  with  load  or 
speed,  (in  the  basic  system,  the  spring  force  of 
the  pressure  regulator  must  be  adjusted 
manually.) 

PUMP  INJECTION  SYSTEMS 

There  are  several  pump-injection  systems: 
individual  pump  injection  systems,  Bosch  fuel 
systems,  Roosa-Master  fuel  systems,  Cummins 
VT  fuel  system,  and  unit  injector  systems. 

INDIVIDUAL^PUMP 
INJECTION  SYSTEMS 

Individual-pump  injection  systems  of  the 
original    jerk    pump    (basic)    type  include 


high-pressure  pumps  and  pressure-operated  spray 
valves  or  nozzles  which  are  separate  units.  In 
some  engines,  there  is  only  one  pump  and  nozzle 
for  each  cylinder.  In  other  engines,  such  as  the 
Fairbanks  Morse  (FM  38C),  each_cylinder  has 
two  pumps  and  two  nozzles, 

Of  dSa  the  individual-pump  injection  systems 
used  by  tlie  Navy,  the  modified  system  is  the 
most  compact.  A  high-pressure  pump  and  an 
injection  nozzle  for  each  cylinder  are  combined 
into  bne  unit,  Tliis  type  of  unit,  generally  used 
with  General  Motors  (GM)  engines,  is  often 
called  a  UNIT  INJECTOR  system. 

In  the  following  section  we  shall  discuss  the 
various  pump-injection  systems. 


BOSCH  FUEL  SYSTEM 


The  Bosch  fuel  injection  system  is  used  on 
many  of  the  Navy's  diesel  engines.  Figure  10-8 
illustrates  the  fuel  piping  of  a  Bosch  fuel 
injection  system  and  governor,  A  fuel  supply 
pump,  .on,  tlie  side  of  the  injection  pump 
housing,  draws  fuel  from  the  supply  tank  and^ 
pumps  it  to  the  injection  pumps  through  a 
duplex  fuel  oil  strainer,  Ttie  supply  pump  • 
furnishes  an  excess  of  oil  to  the  injection  pumps; 
the  excess  oil  is  returned  through  a  bypass  valve 
and  return  line  to  the  supply  tank. 

«■ 

The  fuel  supply  pump,  mounted  directly  on 
the  injection  pump  housing  and  driven  by  one  of 
the  cams  on  the  injection  pump  camshaft,  is  a 
plunger-type  pump  which  is  self-regulating  to 
build  up  to  only  a  certain  maximum  pressure. 
Figure  10-9  is  a  phantom  view  of  the  Bosch  fuel 
supply  pump,  showing  the  actual  positions  of 
tlie  parts.  ^ 

Bc^ch  Fuel  Injection  Pumps 

There  are  two  basic  designs  of  Bosch  fuel 
injection  pumps  -type  APE  .and  tyi>e  APF. 
F'igure  10-10  illustrates  the  two  t>^pes  of 
injection  pumps,  togetlier  with  higli-pressure 
lines  and  spray  nozzles. 
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tYPE  APF  PUMP. -Type  APF  pumps  are 
siaglccy Under  with  the  plunger  pump  for.each 
cyUnder  in  separate  housing.  In  a  >  6-cylinder 
engine,  for  example,  there  are  six  separate  APJF 
pumps.  Each  pump  is  cam-driven  and  regulated 
by  arj  individual  control  rack. 

rpfes^^APE  PUMP.-Type  APE  pumps  are 
isembledXwith  all  the  individual  cylinder 
Plungers  ink  single  housing.  The  left  side  of 
figure  10-10  shows  the  pump  assembly  for  a 
6-cyiindcr  engine.  Th?  injection  pumps  are 
Operated  from  a  single  camshaft  in  the  bottom 
part  of  the  housing.  The  cams  dip  into 
lubricating  oil  and  brush  against  felt  cushions  at 
the  bottom  of  each  revolution.  At  the  top  of 


1  / 

each  revolution,  the  cams  force  the 
spring-loaded  plungeis  up  against  the  plunger 
spring  resistance. 

Each  plunger  moves  up  and  down  in  a  barrel 
which  contains  fuel  oil  at  the  supply  pressure. 
Th^  plunger  traps  oil  above  it  during  part  of  this 
upward  stroke  and  forces  it  through  the  delivery 
valve  and  high-pressure  tubing  to  the  spray 
nozzle,  where  it  is  injected  into  the  combustion 
chamber.  The  action  of  the  plunger,  control 
rack,  delivery  valve,  and  spray  nozzle  are  the 
same  in  both  APE  and  APF  types  of  pumps. 

By  studying  figure  10-10,  yo«  will  better 
understand  the  fuel  injection  mechanism  and  the 
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Figurt  10-10«-Phantom  vitwi  of  APE  Mid  APF  Bosch  fu«l  inj»:tion  pumps. 


control  of  the  amount\)f  fuel  injected.  The  fuel 
oil  sump  is  filled  with  clean  oil  from  the  supply 
pump  and  fuel  oil  filter.  Oil  enters  the  barrel 
above  the  plxmger  through  a  pair  of  ports. 

The  amount  of  fuel  forced  out  through  the 
spray  nozzle  of  each  upward  stroke  of  the 
plunger  depends  on  how  the  plunger  is  rotated.  ^ 
In  figure  iO  10,  notict  that  the  control  rack  has/ 
teeth  ail  along  the  side,  meshing  with  a  gear^ 
segment  cm  each  pump.  Lengthwise  movement 
of  the  control  rack  rotates  all  the  plungers  thei 
same  amount  and  in  the  same  direction/ 
Rotaticm  of  the  plungers  changes  the  part  oi- the 
plunger  helix  that  passes  over  the  spill  port  (on 
the  right  side  of  each  barrel  in  fig.  lOlO),  thus 
changing  the  time  at  which  injectibn  ends. 

The  pumping  principle  of  the  Bosch  purnp  is 
illustrated  by  figure  10- U  which  shows /foun 


steps  of  a  pumping  stroke.  In  part  A  the  plunger 
is  below  the  inlet  and  spill  ports.  Fuel  oil  enters 
the  barrel  (broken  white  arrow)  and  fills  the 
barrel  chamber  (between  the  plunger  and  the 
delivery  valve). 

The  plunger  has  a  flat  top,  and  the  two  ports 
are  set  at  'the  same  level.  The  two  ports  are 
closed  by  tlie  plunger  at  exactly  the  same 
^rnoment  the  plunger  travels  upward.  In  part  B  of 
figure  10-H  tlie  ^orts  have  just  closed.  The  fuel 
above  tlie  plunger  is  trapped  and  placed  under 
high  pressure  by  the  rising  plunger.  The  pressure 
.forces  the  delivery  valve  upL at  once,  allowing  the 
/high-pressure  oil  to  go  to  the  spray  nozzle. 

In  part  C  of  figure  10-11  (lie  plunger  is  in 
the  effective  part  of  its  stroke  with  both  ports 
closed.  Fuel  is  passing  through  the  delivery  valve 
to  tl^  spray  nozzle.  The  effective  stroke  will 
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continue- as  long  as  both  ports  remain  covered 
by  the  plunger.  ^ 

At  tlie  ntoment  the  spill  port  is. uncovered 
•  by  the  edge  of  the  helix,  as  shown  in  part  D  of 
figure  lOrll,  fuel  injection  ends.  As  soon  as  the 
port  Is  opened,  the  fuel  oil  above  the  plunger 
flows  out  through  the  vertical  slot  in  the  plunger 
and  goes  to  the  low-pressure  fuel  oil  sihnp.  The 
.  pressure  above  the  plunger  is  Released  and  the 
delivery  valve  is  returned  to  its  seat  by  the  valve 
fpripg. 

The  effect  of  plunger  rotation  on  fuel 
delivery  is  shown  in'figure  ip-I2A.  In  figure 
10-128  the"  plunger  is  rotated  to  bring  th.e 
vertical  slot  to  the  edge  of  the  inlet  port,  which 
is  the  tetting  for  maximum  -delivery.'  In  this 
plunger  position,  the  lowest  part  of  the  helix  is 
in  line  with  the  spill. port,  aliowing  the  longest 
possible  effective  stroke  before  the  spill  port  is 
uncovered,  ending  the  injection  of.fuel.  ■ 

Figure  10-12C-sho#^  the  setting  for  medium 
or  normal  delivery.  This  brings  a  liigher  part  of. 
the  helix  in  line  with  the  spill  port  and  leaves  a 
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short  effective  stroke  Before  the  spill  port  is 
uncovered.  ' 

. 

The  position  of  "no  fuel  delivery"  is  reached 
when  the  plunger  has  been  rotated  to  bring  the 
vertical  slot  in  line- with  the  spiU  port  <fig. 
1 OI  2A).*In  this  plunger  position,  the  fuel  aboye 
the  plunger  Will  not  be  *  under  compressi6n 
_during  any  part  of  the  upward  stroke. 

The  amtxint  of  fuel  injected  can  be  regulated 
,  by  setting  the  plunger  in  any  position  between 
no  delivery  and  maximum  delivery.  The  plungex 
setting  is  controlled  by  the  position  of  the 
control  rack,  wliich  regulates  »11  the  plungers  at 
the  same  tiijne.  Movejjient  of  the  control  rack, 
either  manually  or  by  governor  action,  rotates 
the  plunger  jfiid  varies  the  quantity  of  fuel 
delivered  by  the  puftip. 

Figure  10-13  illustrates  a  cutaway  view  of 
th©  Bosch  injection  pump '  and  control  rack 
assembly.  The^  gear  segment  is  secured  to  the 
control  sleeve,  wWch  is  free  to  ro.tate  on  the 
stationary  barrel.  The  control  sleeve  has  a  slot  at 
tjie  bottom  into  "wluch  fits  the  plunger  flange. 
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FHhi»  10-13.— Sofcft  hi^cl|on  puir^i  and  control  rack 

MMmbly. 


The  flange  moves  in  the  slot  as  the  plunger 
mov^  up  and  down.  When  the  control  fack  is 
moveii  lengthwise,  the  gear  jsegmeht  and  th(p 
control  sleeve  rotate  ai^nd  the  outsidp  of  the 
biarrel  The  plunger  Tfenge  and'  the  plunger 
(inside  the  barrel^  follow  the  rotation  of  the 
cmitrol  sleeve;      j        ' ,      ,  /  , 

The  Bosch  plunger,  shown  in  figures  10-11, 
,10-12  and  10-13  has  a  flat  top  surface  and  only 
a  lower  hjslix.  With  this  typfc  of  plunger,  fuel 
injection  will  always  begin  at  the  same  point  in 
the  piston  cycle,  whether  It  is  s&t  for  li^t  load 
or  heavy  load.  Injection  begin^  when  the  ports 
are  closed;  the  end  of  injection  can  be  varied  by 
plunger  rotation.  This  type  of  plunger  is  used  in 
pumps  marked  'Timed  for  'port  closing." 
Injection  has  a  constant  beginning  and  variable 
ending.  ^ 

Another  type  of  Bosch  plunger  has  only  an 
upper  helix.  Rotation  of  the  plunger  varies  the 
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tscginning  of  the  effccUve  stroke,  while  the 
ending  is  comtant.  This  type  of  plunger  a  used 
in  pumps  marked  '^TSned  for  port  opening;" 

A  third  type  of  plunger  has  both  upper  and 
lower  helixes.  Rotation  of  this  type  of  ;^lunger. 
varies  both  the  beginning  and  ending  of 
tt^jiectian. 

Bosch  PSBFuel^Ij^ctipn  System 

■  • .    f  ,       • : 

The  Bosch  PSB.fuei  injection  system  is  used 
on'diesel  engines  for  smaU  boats.  It  is  sim^  to 
the  Posch  APE  fuel  system  in  that  it  has  a 
supply    pump,   governor,   and  high-pressure 
;    ijyection  pumps  built  into  a  single  assembly. 

The  PSB  injcctic»i  pump  is  a  single-pluhgei", 
constant-stroke,  six-outlet  unit,  driven  at 
crankshaft  speed,-  and  actuated  by  a  cam  and 
>  tappet  arrangement  which  also  carries  gearing 
'  for  distribution  functim.  Its  replaceable 
hydraulic  head  contains  a  single  delivery  valve, 
and  a  single  plunger  which,  in  addition  to  being 
reciprocated  by  the  multilofoe  cam,  is  rotated 
continuously  to  serve  as  its  own  fuel  distributpr, 
Fuel  discharge  is, varied  by  axial  movement  of' 
the  plunger  control  sleeve,  similar  to  that  used  in 
most  other  pumps  of  this  type,  which  is  Imked 
to.  the  governor.  The  governor  is  mounted 
integraliy  with  the  injection  pump. 

A  positive-displacement,  gear-type  fuel 
pump,  mounted  dn  the  front  side  of  the 
housing^  is  driven  from  the  distributor  drive  gear 
on  the  piimp  camshaft.  There  is  a  hand  priming 
pump  for  bleeding  fuel  lines,  mounted  either 
besidb  the  injection  pump  or  integrally  with  the 
fud  transfer  pump. 

.  The  Bdsch  PSB  sihgle-plunger  fuel  pump  . 
runctions  the  same  as  the  multiplunger  B<»ch 
APE  fuel  pump  used  on  dtirlier  models.  It  meters 
the  fuel  accurately  and  delivers  it  under  high 
pressure  to  the  spray  nozzles  thrpugh  which  the 
fuel  is  injected  into  the  en'^ne  cylinders  at  a 
definite  timing  in  relation  to  the  engine  firing 
cycle  and  within  the  required  injection  period. 

»  The  PSB  piimp  simplifies  servicing.  It  has 
substantially  fewer  parts  than  the  APE  pump. 
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The  PSB  pump  requires  less  mounting  space 
than  the  APE  fuel  pump,  because  the  PSB  is 
much  shorter  and  more  compact  The  PSB 
assembly  has  three  main  divisions:  the  housing 
with  drive  mechanism,  the  hydraulic  head,  and 
the  governor. 

the  PSB  injection  pump  housing,  Bgure 
lO-lMt  has  a  camshaft  compartment  in  the  lower 
half.  The  camshaft  (B)  is  supported  at  the  rear 
by  a  sleeve  bearing  (C)  and  at  the  front  . by  a  ball 
bearing  (D).  The  cam  (E),  just  beldw  the  plunger 
assembly  in  the  hydraulic  head,  has  three  lobes. 
The  camshaft  has  a  spiine  (F)  at  the  forward  end 
to  receive  the  drive  hub  (G)  and  has  a  spiral  gear 
(H)  cut  into  it.  adjacent  to  the  cams  to  mate  with 
and 'drive  the  lower  gear  of  the  quiB  siiaft  (I) 
assemWy  of  the  distributhjg  system,  the  same 
spi|al  gear  also  drives  the  fuel  transfer  pump 
which  is  attached  to  the  front  of  the  pump 
housing  at  this  location.  There  is  also  a  pointer 
at  the  drive  end  of  the  pump  to  align  with  a 
mark  m  the  gear  hub  for  an  accurate  setting  of 
the  injection  timing.  / 
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The  hydrauUc  head  of  the  PSIR  pump,  %ure 
1&-15,  is  a  complete  assembly  fastened  to  tlie 
houung  by  four  studs.  It  is  easily  removed  for 
service  or  replacement.  The  assemNy  consists  of 
the  head  block,  the  l^ped  plunger,  the  contrc^ 
si^ve,  the  delivery  valve  assembly,  and  the 
plunj^r  i^tui^n  springs. 

llic  PSB  governor^  figure  10-16,  whose 
weight  assembly  is  attached  to  the  fuel  pump 
camshaft,  is  con^dered  an  integral  part  of  the 
pump  assembly.  The  governor  is  the 
.vaiiai^e»speed,  mechaBical-<^(afugal  type.  The 
governor  action  is  accomplished  throu^ 
flyweij^t  action  against  a  movable  sleeve  which 
is  backed,  by  springs  loaded  in  the  opposite 
direction.  ' 

ROOSA-MASTER  FUEL  SYSTEM 

The  Roosa-Master  fuef  system  is  used  on 
some  Navy  diesel  enpnis  s]L\ch  as  ^he  Gray 


V 


A-HEAO  SLOCK 
S-OISCHAAGC 
C-FUELWiUT 
a-CONTHOL  SLEEVE 
E  -  PUMGER 

f  -  Piumtn  oiitve  gear 

0- PLUNGER  GUIDE 


H-L(H«ER  SPfTiNG  SEAT 
)  'GEAR  KETAtNER 
J  '  DEUVERY  VALVE 
K' VALVE  SPRING 
U  -VAtVE  RETAINER 
M- COPPER  GASKET 


A<AU4«NUM  HdUSlNf 

B- WEIGHT  SPIDER 

C-W€|6HTS 

D  -  SUOiNG  SLEEVE 

E  -  THRUST  BEARING 

F  -  FULCRUM  l^VER 


,6 -CONTROL  ROD  EXTENSION 
H  -  STOP  PLATE 
I  -SIMOKE  LIMIT  CAM 
J -GOVERNOR  SPRINGS) 
K  -  SPRING  COVER' 
L- YOKE 


76.321 


Rgurt  TO-IS.-HydfMdic  fMUKl.  FSB  pum. 


Ftgu^  10-1&~PSB  90v«fnor 


Marine.  This  fuel  system  is  somewliat  similar  to 
the  Bosch  APE  and  the  Bosch  PSB  in"  that  it  also 
contains  a  .supply  pump,  a  governor,  and  a 
high-pressum  iivjection  pump  built  into  one 
assembly.  Thp  difference  is  in  the  method  of. 
pumping  and  measuring  fuel. 

The  Roo^-Master  assembly  draws  fuel  from 
the  »ipply  tank  and  forces  it  through  a  filter  and 
meters,  distributes,  an4  delivers  the  fuel  at  the  • 
proper  time  under  high  pr^urc  to  the  injection 
nozzles.  The  assembly  itself  is  oiltight, 
Ijressurized,  ari^  self-lubricatcd  by  the  fuel  oifit 
pumps.  It  is  geainiriven  from  the  camshaft.  The 
assembly  housing  contains  the  pumping  and 
metering  elements  plus  th^|  drive  shaft  and  a 
hydraulic  governor.  The  pumping  and  metering 
mechanism  has  five  major  parts,  as  shown  in 
figure  10^  1 7-th?  transfer  pump,  the  hydraulic 
head,  the  rotor,  the  injection  pump  plungers, 
and  the, cam  ring, 

The  transfer  pump  is  ^a  foui^ane, 
positiVeKlisplacement  pump  which  supplies  fuel 
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Hgura  10>17.-Ro(M»Mttttr  injection  pump. 


to  the  metering  device  at  ah  even  and 
prcdetcnhined;,  pressure.  The  shape  of  the 
pumping  cavity  has  been  modified  from  the 
usual  crescent  ^pe  to  provide  an  almcBt 
ccMlstaht  flow.  A  spring-loaded  bypass  valve 
controls  the  pressure. 

The  hydraulic  head  houses  the  metering 
mechanism  and  most  of  the  oil  passages.  The 
metering  valve  is  a  closely  fitted, plunger  moving 
in  »nd  out  within  its  cylindrical  barrel  in  the 
hydraulic  head.  The  metering  plunger  acfcurately 
measures  the  fuel  injected  into  each  cylinder  m 
response  to  governor  action.  The  outlet 
connectiofts  to  the  injection  nozzles  are 
mounted  m  the' hydraulic  head. 


The  rotor  is  th?  m^or  rotating  assembly.  It 
contains  bored  passages  for  fueToil  distribution. 
As  the  rotor  tumsAit  causes  different  fuel  oil 
passages  to.  align  with  those  in  the  hydraulic 
head  so  that  fuel  oil  from  the  iiyection  pump 
can  be  distributed  at  the  proper  time  ta  the 
'proper  iiyection  ndzzle.  The  injection  pump 
plungers  are  mounted  in  the  drive  end  of  the  ' 
rotor.  The  upper  end  of  the  rotor  drives. the 
transfer  pump. 

The  injection  pump  has  two  opposed 
plun^rs  closely  fitted  in  a  bore  perpendicular  to 
the  shaft  axis.  The  plungers  are  actuated 
simultaneously  by  shoes  and  rdlers  bearing  on 
the  cam  ring. 

The  cam  ring  is  statioi^ty  and  is  mounted 
internally  in  the  housing.  As  the  entire  rotor 
(including  the  plungers)  turns  iri  the  hydraulic 
head,  opposing  internal  lobes  in  the  cam  ring 
simultaneously  force  the-  injection  pump 
plungers  inward  toward  each  other.  This  action 
exerts  pressure  on  the  fuel  between  the  plungers 
and  delivers  the  fuel  at  hi^  pressure  to  the 
injection  nozzles.  As  the  rotor  continues  to  turn, 
the  rollers  ride  down  the  lobes  of  the  cam  ring, 
allowing  the  plun^rs  to  move  outward  away 
from  each  other.  Thus  another  charge  of  fuel  is 
forced  into  th«  pump  cavity -  between  the 
plungers.  Note  that  the  ftiel  can  enter  the  pump 
cavity  and  then  be  discharged  to  the  injection 
nozzles  only  at  the  proper  time.  The  timing 
relationship  is  established  by  the  position  of  the 
drilled  passageways  in  the  rotor  and  can  never  be 
altered  by  adjustment  or  improper  assembly. , 
There  is  always  uniform  fuel  delivery  to  each 
injection  nozzle. 

CUMMINS  PT  FUEL  SYSTEM 

The  Cummins  PTjf'uel  system  Is  designed  for 
use  on  all  diesel  Engines  manufactured  by 
Cumminsi  it  can  be  adapted,  with  some 
modifications,  for  all  Cummins  diesel  engines 
now  in  use  by  the  Navy.  This  fuel  system  is 
somewhat  different  from  the  fuel  systems 
previously  discussed.  ^ 

The  identifying  letiters  PT  are  an 
abbreviation  for  "pressure  time."  The  PT  fuel 
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§ystcm  operates  on  the  principie  that  a  change  in 
the  pressure  of  a  liquid  flowing  through  a  pipe 
will  change  the  amount  of  liquid  coming  out  the 
open  end*  Increasing  the  pressure  increases  the 
flow  and  decreasing^  the  pressure  decreases  the 
flow. 

Tile  PT  fuel  system,  consists  of  a  fuel  pump 
assembly,  supply  and^ii^ain  lines,  and  injectors. 
The  system  deliversN.vfuei  to  each  cylinder  in 
equal  and  predetermined  amounts. 

The  fuel  pump  assembly^  (fig.  10-18A) 
consists  of  five  main  units:  a  gear  pump,  a 
pressure  regulator,  a  throttle,  a  governor,  and  a 
shutdown  valve.  The  gear  pumpf  consisting  of  a 
single  set  of  -gears,  is  driven  by  tlie  camshaft  gear 
and  turns  at  camshaft  speed.  It  draws  fuel  from 
the  supply  tank  and  delivers  it  to  the  injectors. 

The  pressure  regulator  can  be  referred  to  as  a 
bypass  valve;  its  primary  function  is  to  control 
fuel  pressure  at  the  gear  pump.  The  pressure 
regulator  ccmtrols  and  limits  fuel  pump  pressure 
by  the  bj(^ass  method.  Excess  fuel,  is  delivered 
back  *to  the  suction  side  of  the  pump,  limiting 
fuel  delivery  to  the  required  amount  for  any 
given  speed  or  load. 

The  ^  throttle  and  the  governor  are  -very 
closely  related.  All  fuel  for  engine  operation 
must  pass  through  the  throttle  shaft  bHbre 
going  to  the  governor.  The  specific  fun<mon^f 
the  throttle  varies  somewhat,  dependWt  on  the 
type  of  governor  installed.  When  the  governor 
controls  only  the  idling  ^d  maximum 
spelWs,  the  throttle  controls  the  fuel  oil  flow  to 
the  injectors  in  the  speed  range  between  idling 
and  maximurn.  When  the  governor  is  the 
variabl?-speed  type,  the  governor  itself  controls 
tf^e  fuel  oil  flow  to  the  injectors  for  any  speed 
within  the  governor's  range.  With  a 
variable-speed  governor,  the*  throttle  acts  only  as 
a  positive  shutdown  device. 

The  shutdown'' valve  gives  positive  engine 
shutdown  by  cutting  off  completely  the  flow  of 
fuel  to  the  injectors.  The  shutdown  valve  gan  be 
operated  cither  electrically  or  manually. 

The  Cummins  PT  injectors  metef  and  inject 
fuel  ^  into   the    combustion   chai^^rs.  Fuel 
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circulates  tlirough  tiie  iiyectors  at  all  times 
except  during  a  short  period  after  the 
completion  of  the  injection  cycle.  The 
circulation  of  the  fuel  keeps  fuel  at  the  metering 
orifice  at  all  times  ^d  reduces  injector 
tempQiftture.  The  fuel  is  metered  when  the 
metering  orifice  is  opened  by  the  injector 
plunger  (fig.  10-1 8B).  The  injector  plunger  acts 
as  a  valve  to  opeii  and  close  the  metering  orifice. 
As  the  injector  plunger  uncoVers  the  metering 
orifice,  fuel  pressure  forces  fuel  into  the  injector 
cup.  Engine  speed  determines  the  length  of  time 
the  fuel  is  metered  into  the  injector  cup. 

Injection  logins  when  the  piston  nears  the 
end  of  tlie  compression  stroke.  The  falling 
plunger  closes  the  metering  orificfc  and  forces 
the  fuel  trapped  in  the  injector  cup  out  through 
the  spray  holes  and  into  the  combustion 
climber.  The  injector  plunger  then  remains  in 
the  injector  cup  seat  throughout  the  power  and 
exhaust  events.  The  amount  of  fuel  that  is 
injected  into  the  combustion  chamber  is 
regulated  by  both  the  time  that  the  metering 
orifice  remains  open  and  the  fuel  pressure  to  the 
orifice. 


UNIT  INJECTOR  SYSTEM 

All  General  Motors  diesel  engines  (GM  645, 
567,  278,  268,  71,  and  53)  use  the  unit^iiyector 
system  which  combines  a  pump  and  a  fuel  spray 
nozzle  in  one  unit,  as  shown  in  figure  10-19.  The 
fuel  piping  to  the  unit  injector  carries  oil  at  the 
filter  discharge  pressure  (generally  about  4O50 
psi). 

The  unit  injector  is  generally  installed  in  the 
cylinder  head,  as  shown  in  figure  10-20.  It  is 
held  in  place  by  an  injector  crab.  The  cylinder 
head  has  a  copper  tube  into  which  the  injector 
fits  snugly  with  the  spray  tip  projecting  slightly 
into  the  cylinder  clearance  space.  Water 
circulates  around  the  copper  tube  and  cools  the 
lower  part  of  the  injector. 

Two  fuel  lines  are  connected  to  each 
injector;  one  carries  fuel  to  the  injector  and  the 
ot^ier  carries  away  fuel  that  is  bypassed,  Tlie 

-3S 


ENGINEMAN  3  &  2 


■  J 


■V 


.   TACHOMETER  SHAFT 


AUIN  SHAFT 


GOVHINO*  WEIGHTS 
J 


SHUT-OOWN  VALVE 


GEAR  PUMP 

PUiSATtON 
DAMPER 


u>i£  springs: 

(DIE  SPEED  SCREW 

MAXIMUM  SPEED  SPRING 
TmOTTlE  SHAFT 


A.,PT  FUEL  PUMP 
PLUNGER 


METERING 
ORlFtCE 


INJECTOR 
CUP 


START 
UP-STROKE 


METERING         INJECTING  FUEL 

B.  INJECTION  CYCLE 


INJECTION 
COMPLETE 


ERIC 


RguM  10*18.-Cummira  PT  futi  pump  and  injtetion  cy^. 


7B.30fi)( 


228  9 


^  Chapter  10-FUEL  AND  FUEL  SYSTCMS 


2.68X 

Figur*  10-19.-Unit  injtctor  MMmbty. 

injector  is  operated  by  a  rocker  arm  and  push 
rod  which  work  off  the  camshaft  The  amount 
of  fuel  injected  is  regiUated  by  the  control  rack 
which  is  operated  by  a  lever  secured  to  the 
ccmtrol  tube; 

In  the  unit  injector  (sectional  view,  fig. 
10-19),  fuel  under  pr^ure  enters  the  injector  at 
the  inlet-  side  through  a  fUter  cap  and  filter 
element.  (Note:  According  to  NAVSEA, 
injectors  pFthe  tyi^  illustrated  may  tn^'Used 
without  a  filter,)  From  the  filter^  elemeiit,  the 
fuel  passes  through  a  drilled  pamge  into  the 
jRipply  chambcr-the  area  between  the  plunger 
fHuMng  and  the  s{^ll  deflector,  in  addition  to 
..the  area  under  the  injector  plunger  within  the 
bushing.  The  plunger  operjites  up  and  down  in 


^  &e  bushing^  the  bore  of  which  is  open  'to  the 
fuel  supply  in  the  annular  chamber  through  two 
funnel^haped  ports  in  the  pluH^r  bushingv 

The  motioii  of  the  injector  rodcer  arm  (fig. 
10-20)  is  transmitted  to  the  pli%er  by  the 
fdlower,  which  bears  against  tu  follower 
spring,  as  shown  in  figure  10^19.  inj  addition  to 
the  reciprocating  motion,  the  plunger  can  be 
rotated  during  operation  around  its  axis  by  the 
gear  which  meshes  with  the  rack-  For  metering 
tlie  fuel,  an  upper  helix  and  a  lower  helix  are 
machined  in  the  lower  part  of  the  plmiger.  The 
relation  of  the  helices  to  the  two  ports  changes 
with  the  rotation  of  t^e  plunger. 

There  are  several  types  and  models  of  unit 
injectors.  Unit  injectors  are  plassified  according 
to  the  deagn  of  the  impctor  valve.  Three 
coramoo  types  in  use  arpnthe  high  valve,  the 
spherical  valve,  and  the  needle  valve.  The  higih 
valve  injector  is  described  in  the  following 
paragraphs,  and*^  principal  difference  in  the 
other  types  are  irtdiWed. 

The  basic  operation  is  ^own  in  figure  10-2 1. 
As  the  pltinger  moves  downward  under  pressure 
of  the  injector  rocker  arm,  a  portioh  of  the  fuel 
trapped  under  the  plunger  is  displaced  into  the 
supply  chamber  through  the  lowo"  port  until  tiie 
port  is,  closed  off  by  the  lower  end  of  the 
plunger.  Then,  a  portion  of  the  fuel  trapped 
below  the  plunger  is  forced  upward  throtigh  a 
central  passage  of  the  plunger  into  this  recess  and 
into  the  supply  chamber  through  the  upper  port^ 
until  that  port  is  closed  off  by  the  upper  helix  of 
the  plunger.  With  the  upper  and  lower  ports 
both  closed  off,  the  remaining  fuel  under  the 
plunger  is  subjected  to  incseased  pressure  by  the 
continued  downward  motion  of  the  plunger.' 

When  sufficient  pressure  is  built  up,  the 
injector  valve  is^forced  off  its  seat  and  the  fuel  is 
forced  through  snail  orifices  in  the  spray  tip  and 
atomized  into  the  combustion  chamber. 

A  check  valve,  mounted  in  the  spray  tip, 
prevents  jdr  leakage  from  the  combustion 
chamber  into  the  fuel  injector  if  the  valve  is 
accidentally  held  open  by  a  small  particle  of 
dirt.  The  injector  plunger  is  then  returned  to  its 
original  position  by  the  injector  follower 
(plunger)  spring. 
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On  the  return  upward  movement  of  the 
plunger,  the  hi^-pressure  cylinder  within  the 
bushing  is  again  filled  with  fuel  oil  through  the 
ports.  The  constant  circulation  of  fresh,  cool 
fuel  tlirou^  the  iiyector  renews  the  fuel  supply 
in  the  chamber,  helps  cool  the  injector  and,  also, 
effectively  remove  all  traces  of  air  which  m^t 
otherwise  accumulate  in  the  system  and 
interfere  with  accurate  metering  of  the  fuel 

The  fuel  injector  outlet  opening  returns  the 
excess  fuel  oil  to  the  fuel  return  manifold  and 
from  tliere  back  to  the  fuel  tank. 

Changing  the  portion  of  the  helices^  by 
rotating  the  plunger,  retards  or  advances  Hhe 
closing  of  the  ports  and  the  beginning  and 
ending  of  the  injection  period.  At  the  same  time, 
it  increases  or  decreases  the  amount  of  fuel 
injected  into  the  cylinder.  Look  a^in  at  tlie 
various  plunger  positions  from  light  load  to 
heavy  load  shown  in  figure  1021.  With  the 
control  rack  pulled  out  all  the  way  (fto  injection 
position),  the  upper  port  is  not  closed  by  the 
helix  until  after  the  lower  port  is  uncovered. 
Consequently,  with  the  rack  in  this  position,  all 
of  the  fuel  is  forced  back  into 'the  supply 
chamber  and  no  injection  of  fuel  takes  place. 
With  the  control  rack  pushed  in  (full  injection 
position),  the  upper  port  is  closed  shortly  after 
the  lower  port  has  been  covered,  thus  prpducing 
a  maximum  effective  stroke  and  maximum 
injection.  From  the  no  injection  position  to  the 
full  injection  position  (full  rack  movement),  the 
'  contour  of  the  upper  helix  advances  the  closing 
of  the  ports  and  the  beginning  of  injection. 

The  injector  valve  assembly  is  located  in  the 
*S5pniy  tip  of  spherical  valve  typ^  fuel  injector 
^^mblies,  whereas  the  high  valve  type  injectors 
*     incorporate  the  valve  assembly  in  a  valve  cage 
located  between  the  valve  seat  and  the  spray  tip. 
Cross  sections  of  these  injectors  are  shown  in 
figure  1022.  (According  to  NAVSEA,  injectors 
of  the  typ^s  illustrated  also  may  be  used  without 
a  filter.)  In  spherical  valve  injectors,  the  check 
valve  is  in  a  recess  on  the  top  of  the  valve  seat 
and  is  held  in  place  by  a  spacer  located  between 
the  valve  seat  afln^  iojector,  bushing.  The  check 
valve  in  high  valve  type  ipjectors  is  located 
below  the  valve  assembly  in  a  recess  rn  the  spray 
'  tip. and  is  held  in  place  by  the  valve  cage, 

o  : 
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Due  to  the  difference  in  location  of  the  ^ 
injector  valve  assembly,  spherical  Valve  yijectors' 
require  a  longer  plunger  and  bushing^assembly,  a 
longer  spill  deflector,  and  a  different  spray  tip 
and  injector  nut.  . 

Spherical  valve  injector  assemblies  have  a 
lighter  plunger  spring  and  a  tliree-piece  follower 
asembly  Consisting  of  the  follower,  a  follower 
guide,  and  follower  pin.  High  valve  injectors  use 
a  one-piece  follower. 

Operation  and  servicing  procedures  are 
essentially  the  same  for  both  spherical  valve  type 
and  high  valve  type  injector  assemblies. 

A  later  type  GM  unit  injector  is  the  needle 
valve  injector  (N*type  design)  shown  in  figure 
10-23.  The  needle  valve  injector  has  a  higher 
opening  pressure  (2,800  psi  at  the  needle  valve 
as  compared  to  600  psi)  ^an  was  used  in  earlier 
injector  models.  A  higher  opening  pressure 
provides  better  atomizatlon  of  the  first  part  of 
the  fuel  charge  and  better*  atomization  at  low 
fuel  inptit.  The  needle  valve  injector  differs  from 
earlier  designs  primarily  in  the  plunger,  bushing, 
and  spray  tip.  Do  NOT  intermix  needle  valve 
-  injectors  with  other  tjfpe  injectors  in  the  same 
engine  because  injection  characteristics  are  not 
the  same  in  different  types  of  injectors. 

The   principles   by   which   injecting  and 
metering  are  accomplished  are  almost  identical 
in  all  GM  unit  injectors.  These  principles  are* 
illustrated  in  figure  10-21. 


INJECTION  NOZZLES 

There  are  two  general  types  of  injection 
nozzles:  the  open  type  and  the  closed  type.  The 
open  type  is  usually  a  simple  spray  nozzle  with  a 
checlc  valve  which  prevents  passage  of  the 
high-pressure  gases  from  the  engine  cylinder  to 
the  pump.  Although  tiie,  open  type  nozzle  is 
simple,  it  does  not  g|ye  proper  atomization; 
therefore,  it  is  not  generally  used.  The  closed 
type  nozzle  is  more  commonly  used.  There  arc 
two  main  classifications  of  closed  type  nozzles: 
the  pintle  nozzle  and  the  hole  type  nozzle. 
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Figure  1 0-24  IS  a  cutaway  sectional  view  of  a 
Bosch  injector,  showing  details  of  the  nozzle 
holder-and  a  hole  type  nozzle.  The  high-pressure 
oil  from  the  injection  pump  enters  the  nozzle 
holder  body  through  a  metal-edge  strainer.  From 


the  strainer  the  oil  goes  through  a  drilled  fuel 
passage  which  extends  to  the  bottom  of  the 
nozzle  holder  body.  The  nojale,  with  its  spray 
tip,  is  held  against  the  bo4lm  of  the  nozzle 
holder  by  the  cap  nut,  A  groove  in  the  top  of 
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the  no2zle  forms  a  circular  passage  for  the  fuel 
oil  betJi^en  the  nozzle  and  holder, 

.  Several  vertical  ducts  carry  the  oil  from  the 
circular  passage  to  the  oil  cavity,  near  th? 
bottom  of  the  nozzle.  The  nozzle  valve  cuts  in 
sharply  to  a  narrower  diameter  in  the  oil  cavity, 
providing  a  s  urface  against  which  the 
high-pressure  oil  in  the  bil  cavity  can  act  to  raise 
the  valve  from  its  seat  in  the  spray  tip.  WJfRi  'the 
valve  is  raised  from  its  seat,  the  oil  sprays  outjto 
the  combustion  chamber  through  a  ring  of  small 
holes.  ^ 

The  valve  has  a  narrow  stem  wluch  projects 
into  the  central  bore  of  the  nozzle  holder  where 
it  bears  against  the  bottom  of  t)le  spindle*  The 
spindle  is  held  down  by  the  pressure  adjusting 
sprmg.  Whenever  the  upward  force  of  the 
hi^ii-pressure  oil  acting  on  the  needle  valve 
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Figurt  10-24.— Sactkmai  view  of  Bocdi  injtction  nozzk 


exceeds  the  doivnward  force  of  the  spring,  thi 
valve  can  rise.  The  moment  ^^he  spring  force  is 
greater^  the  valve  will  shap  back  to  its  scat.  The 
spring  tension  is  regulated  by  a  pressure 
adjusting  screw  which  is  held  by  a  locknut. 

Regardless  of  the  close  lapped  fit  of  the 
valve,  some  oil  te^ks  past  the  valve  and  rises 
through  tlie  central^  bore  of  the  nozzle  holdfjr. 
This  oil  lubricates  the  moving,  parts  of  the 
injector  and  then  drams  off  throu^i  the  oil  drain 
connection  of  a  drip  tank.  There  is  a  bleeder 
screw  which  can  be  used  to  bypass  fuel  oil  to  the 
nozzle,  sending  the  fuel  directly  to  the  oil  drain - 
Bleeder  screws  can,gbe  used  to  determine  which 
injector  is  at  fault  when  a  cylinder  is  misfiring. 

Tlie  pintle  nozzle  and  the  hole  nozzle  are 
illustrated  in  figure  1025.  ^ 

The  valve  of  the  pintle  nozzle  has  an 
extension  which  protrudes  through  the  hole  in 
the  -bottom  of  the  nozzle  body  and  produces  a 
hollow  cone*shaped  spray.  The  included  angle  of 
the  spray  cone  may  be  between  zero  and  ^ 
dependent  on  the  type  of  com  bustier  chamber 
in  whicW  it  is  used.  A  pintle  nozzle  generally 
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opens  at  a  lower  pressure  than  the  hole  nozzle 
because  fuel  flows  more' readily  from  the  large 
hole  of  the  pintle  type.  Althougji  atqmization  of 
the  fuel  is  not  so  complete  in  the  pintle  type, 
penetration'  into  the  combustion  space  is  greater. 
Ccaisequently,  pintle  nozzles  are  used  in 
conjunction  with  the  auxiliary  chamber  system, 
wherein  mixing  of  fuel  and  air  is  largejy 
dependent  on  combustion  reaction  or 
turtKilencc. 

The  multiple  hole  type  nozzle  provides  good 
atomization  but  less  penetration.  It  is  used  with 
the  open  type  combustion  chamber  in  which 
atomization  is  more  important  than" 
penetration.  The  spray  pattern  of  the  hole  type 
nozzle  is  '  dependent  on  the  number  and 
placement  of  the  holes  or  orifices. 

Regardless'  of  design,  all  nozzles  and  tips? 
function  to  direct  the  fuel  into  the  cylinder  in  a 
pattern  that  will  bring  about  the  most  efficient 
combustion.  Obviouily,"  the  slightest  defect  in 


nozzles  and  tips  will  afifect  engine  operation. 
The' troubles  and  their  causes,  which  may  be 
encountered  in  either  the  spray  tip  of  a  unit 
injector  or  in  a  -separate  spray  nozzle,  are 
relatively  the  same. 


FUEL  INJECTION  EQUIPMENT 
CASUALTIES  AND  REPAIRS 

Some  of  the  most  common  casualties  to  fuel 
injection  equipment  are  incorrect  pressure, 
distorted  spray  patterns  and  leaky  nozzles  and 
injector  spray  tips. 

INCORRECT  PRESSURE 

* 

An  incorrect  nozzle  opening  pressure  or 
incorrect  injector  pop  pressure  will  influence 
engine  efficiency  and  performance.  The  exact 
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effect  will  vary  accorcjing  to  tlie  type  of 
combustion  spaCe  served.  When  opening  pressure 
is  greater  than  the. specified  value,  it  tends  to 
decrease  .the  amount  of  fuel  injected  and  also 
tends  to  retard  the. start  of  injection,- A  loW 
nozzle  opening  pressure  decreases  the 
atomization  of  the  fuel  at  low  speeds  and,  in 
extreme  cases,  will  c^use  dribble.  It  also  tends  to 
increase  the  amount  of  fuel  injected  which  will 
cause  a  smoky  exhaust  from  the  affected  en^ne 
cylinder.'  The  best  protection  against  trouble 
from  this/source  is  a  periodic  check  of  the 
nozzle  or- injector,  with  an  appropriate  tester. 
Test  stands  will  vary,  depending*  on  the 
manufacturer,  but  all  operate  on  thi?  same 
principle.  The  type  of  test  stand  illustrated  in 
figure  10-26  is  intended  primarily  for  activities 
that  do  a  considerable  amount  of  nozzle  and 
injector  reconditioning  work, 

Tcs^.that  may  be  performed  on  this  type  of 
fixture  are:  spray  tip  orifice  test,  valve  opening 
pressure  test,  and  holding  pressure  test.  You  will 
find  details  on  test  procedures  inf  the  appropriate 
fUcj  injection  equipment  maintenance  ma^iual. 

CAUTION:  When  you  are  using  a  tester,  you 
must  be  aware  that  the  penetrating  power  of  the 
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fuel  oil  spray  is  sufficient  lo  drive  oil  throu^ 
your  skin.  Since  the  fuel  oil  can  cause  blood 
poisoning,  you  MUST  keep  all  parts  of  your 
body  out  of  the  line  of  the  fuel  spray. 

When  the  opening  pressure  of  a  nozzle  is  too 
high,  tlie  cause  will  depend  on  the  fuel  system 
involved.  For  example,  if  a  Bosch  nozzle 
opening  pressure  is  too  high,  or  if  the  nozzle 
fMis  to  open,  the  pressure  spring  may  be 
improperiy  adjusted,  the  nozzle  valve  may  be 
stuck  in  the  nozzle  body,  or  the  nozzle  orifices 
may  be  clogged.  In  a  .GM  unit  inje|Jpr,  if  the 
pressure  is  too  high  because  of  a  maladjusted 
pressure  spring,  the  valve  must  be  disassembled 
and  a  new  spring  must  be  installed.  Since  tlie 
cause  of  excessive  opening  pressure  depends  on' 
the  fuel  system  involved,  you  must  be  familiar 
with  the  equipment  with  which  you  are  forking 
and  follow  the  applicable  injection  lystem 
technical  manual. 

Unit  injectors  should  be  tested  if  impr$ 
opening  pressure  is  suspected.  Injectors 
equipped  with  needle  valve  assemblies  cannot  be 
tested  for  opening  pressure  witlxput  >  specjai— 
equipment  beiqause  such  tests  will  result  Uir-^^ 
severe  damage  to  the  test  ^equipment  and  the 
injectoij.  You  will  find  complete  instmctions  for 
testing  this  type  of  injector  ii^  the  fuel  injector 
maintenance  manual.  . 

When  a  pressure  can  be  built  up  considerably 
higher  than  the  pop  pressure  prescribed  for  a 
unit  injector,  it  is  usually  due  to  improper 
assembly  of  t^e  injector.  In  certain  models  of 
sooie  unit  injecitors,  it  is  possible  to  reverse  one 
of  tlie  checlc  valves.  When  this  is  done,  the  check 
valve  will  seat  ^^hen  Aie  fuel  tends  to  flow  from 
the  injector  tp" t\\c  engine. 

A  pop  pressure  that  is  too  Icpw  for  a  unii>^^^ 
injector  may  be  due  to  a  weak  valve  spring  or  ^ 
dirty    sealing    surfaces.    In    nozzles  where 
adjustments  are  possible,  ^  low  opening  pressure 
may  be  due  to  a  "broken  or  an  improperly 
adjusted  pressure  spring.  .  . 

DISTORTED  SPRAY  PATTERN 


'  121. 34X  Distortion  of  the  spray  pattifem  of  a  nozzle 

Figurt  10-26. -Univtrwl  tMttuod.  or  injector  may  be  indicated  by  low '  firing 
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pitsfurc,  loss  of  power,  aiiolsy  exhaust,  or  local 
deposits  of  c«rbon  .withm  the  combustioft  ^ace. 
Nozzles  and-  injector  spray  tips  arc  designed  so . 
that  combustiwi  should  start  before  any 
appreciable  quantity  of  fuel  has  stnick  the 
reiatiyely  cold  surfaces  of  the  combustion  space. 
Oxifices  are  drilled  to  take  advantage  of  air 
currents  in  creating,  turbulence.  For  efficient 
combustion,  the  spray  pattern  must  jiot  become 
distorted. 

Spray  patterns  can  be  checked  with  a  tester  < 
similar  ta  either  of  those  shown  in  figures  10-26 
and  10-27.  However,  throttling  type  pintle 
^nozzles  are  difficult  to  test  with  a  hand  tester  ' 
because,  of  the  high  number  of  strokes  per  • 
minute  required  to  produce  a  representative 
spray  pattern.  A  motor^ven  test  stand  is  highly 
desirable  for  testing  a  nozzle  of  this  ty^e. 

Distortion  of  a  spray  pattern  may  be  caused 
by  eroded  valves,  eroded  or  clogged  orifices,  or  a  - 
broken  pintle,  dependent  on  the  type  of  nozzle 
or  spray  tip,  . 
*  Er(^on  of  orifices  or  valves  generally  occurs 
^  when  the  fuel  .is  inadequately  filtered  pr 
centrifuged. 

A  clogged  nozzle  orifice  or'  iiyector  spray 
hole  wUl  prevent-  complete  mjxing  the  fuel 
charge  with  the  available  air  in  the  cylinder  and 


will  r^iult  ii»  a  drop  in  the  power  output  of 
cylinder,  cau^g  other  cylinders  to  be 
overloaded.  Inspect  nozzles  and  iiyectors 
carefully  when  removed  from  the  engine  to 
determine  whether  any  of  the  orifices  aie 
dogged.  ^ 

♦    ,    ■      •  ■  •  ■      .  . 

When  you  handle  pintle  type  nozzles,  be 
extra  careful  so  that  you  do  Jiot  damage  that 
portion  of  the  nozzle  valve  which  protrudes 
below  the  bottom  of  th^  nozzle  body.  When 
removing  carbon  froni  the  nozzle  body,  do  not 
inadvertently  remove  the  pintle.  Also,  it  if 
pcKsible  to  break  off  the  pintles  by  striking  or 
dropping  the  nozzle  and  holder  on  a  hard 
surface.  ' 

•  ■  ■  *    .  ■ 

Distortion  v  of  the  spray  pattern  is  usually 
caused  by  dirt  in  the  nozzle.  Ypu  should  clean 
nozzle,  orificies  as  illustrated  in  figure  10-28. 
Hold  the  cleaning  wire  atth§  same  angle  as  the 
drilled  orifice.  Otherwise  th|r-orifice  may  be 
damaged  or  the  cleaning  wire  may  break  as  it 
passes  through  the  opening.  If  the  spray  is  still 
distorted  after  the  nozzle  has  hetn  thorou^y 
cleaned,  the  cause  is  probably  eroded  parts. 
Erosion  will  require  replacement  of  the  nozzle. 

LEAKY  NOZZLES  AND 
INJECTOR  SPRAY  TIPS 

m  .    ■   .  . 

Dribbling  from  a  nozzle  or  an  iiyector  may 
result  in  smoky  operation,  detonation,  loss  of 
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powec,  crankcase  dilutjpn,  or  excessive  carbon 
formation  on  cylinder  irucction  equipment  and 
other  surface,  of  the  combustion  chamber. 
When  a  nozzle  or  injector  spray  tip  is  suspected 
of  leaisage,  it  should,  be  diecked  on  the 
appropriate  tester.  '  « 

Diibbiing  of  nozzles  may  be  due  to  a 
daihaged  valve  or  valve  body  seat,  a  dirty  nozzle, 
a  broken  pressure  adjusting  spring  or  screw,  or  a 
nozzle  valve  stuck  in  the  nozzle  body.  Lcaka^ 
frdm  a  spray  tip  or  an  injector  may  be  due  to 
damaged  sealing  surfaces  or  broken  valve  springs*  ' 

.  Many  leaking  or  dribbling  4iozzles  may  be 
repaired)  and  placed  back  in  service  .#  When  a 
nozzle  is  found  to  be  leaking,  soak  it  ovemi^t 
in  a  suitable  solvent,  and  then  remove  the 
*^  accumulated  depc^its  with  bra^  tools  or  tools  of 
softer  metal.  Secure  the  nozzle  body  in  an  - 
appropriate  holding  device,  and  coat  the  nozzle 
valve  with  clean  mutton  tallow  and  rotate  it  into 
the  valve  body.  Usually,  this  wiU  remove  the 
surface  deposits  that  caiisc  the  leakage.  If  the  ^ 
leakage  does  not  stopj  lapping,  explained  in 
detail    in    the    fuel!   injection  equipment 
maintenance  manual,  may  be  necessary*  Lapping' 
is  a  precision  operation  and,  unless  all.  the 
precautions  listed  in  the  manual  are  followed, 
the  nozzle  may  be  ruined. 
^  . 

You  must  replace  any  nozzle  that  is  bracked, 
extensively  eroded,  or  so  badly  stuck  that  valve 
removal  is  not  possible.  Defective  nozzles  should 
.  b|Ci  shipped,  to  a  reconditioning  center. 

When  assembling  a  nozzle  or  injector,  be 
careful  to  insert  the  parts  in  their  proper 
positions.  After  assembly,  you  must  test  the  unit 
to  determine  whether  it  performs  as  specified  in 
the  applicable  maintenance  manual.  The  unit 
must  not  be  used  if  it  does  not  meet  the 
specifications, 


PURGING  THE  DIESEL  ENGINE 
FUEL  INJECTION  SYSTEM 

When  an  engine  fails  to  operate,  stalls, 
misfires,  or  knocks,  there  may  be  air  in  the 


high-pressure  purai^  ajid  fuel  lines.  If  attx  is 
present  in  the  system,  compression  afd 
expansion  of  such  air  may  take  place  without 
the  injection  valve's  opening.  ^ 

You  can  detecmine  the  presence  of  air  in  a 
fuel  system  by  bleeding  a  small  amount  of  fueL 
from  Ae  top  of  the  fuel  filtejr  or  by  slightly 
loosening  the  bleeder  saew  or  plug.  If  the  fuel 
appears  quite  clcHidy,  it  is  likely  that  there  are 
small  bubbles  of  air  in  the  fuel. 

■i  % 

In  worlfing  with  fuel  systems,  you  should 
remember  that  if  air  is  entering  a  fuel  line,  the 
pressure  within*  tiij?  fuel  line  must  be  lower  than 
atmospheric  pressure.  rThe  smallest,  of^oles  in 
the  transfer  pump  suction  piping  will  allow 
enough  air  to  flow  into  the  system  to  air  bind 
the  high-pressure  pumps.  Carefully  inspect  all 
fittings  in  the  suction  piping.  A  loose  fitting  or  a 
damaged  thread,  condition  Will  aUbw'^air  to  enter 
the  system.  On  installations  where  flanged 
connections  ^  used,  be  sure  to  check  the 
condition  of  the  gaskets*  Inspect  tubing, 
especially  copper,  carefully  for  cracks  which^ 
may  result  from  constant  vibration. 

If  an  engine  is  allowed  to  run  out  of  fuel, 
you  can  expect  trouble  from  air  which  enters 
the  fuel  system.  If  there  is  a  considerable 
amount  of  air  in  the  filter,  a  quick  method  of 
purging  the  system  of  air  is  to  remove  the  fiHing 
plugs  on  top  of  the  filter  .ancj  pour  in  clean  fuel 
oil  until  all  air  is  displaced.  You  can  then  reriiovc 
any  air  remaining  in  the  system  by  using  the 
hand  priming  pump. 

For  example,  in  the  fuel  system  iUustratcd  in 
-figure  10-29,  open  the  line  between  the  pump 
and  strainers.  Operate  the  pump  until  all  air  is 
removed  and  only  cle^r  fuel  flows  from  the  line. 
Then  close  the  Hne.  Repeat  the  same  procedure 
at  other  points  in  the  system  such*  as  between 
the  strainers  and  the  filters,  between  the  filters 
ajidythe  high-pressure  pumps,  and  at  the 
overflow  line  connection  on  the  high-pressure 
pump  housing.  In  small,  high-speed  diescl 
engines,  you  may  need  to  prime  only  at  the 
overflow  connection.  Sinc^  priming 
high-pressure  lines  is  time  consuming,  attempt  to 
start  the  engine  before  purging  these  lines. 
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However,  the  engine  inus|  not  be  cranked  fca- 
more  than  the  spedficd  interval  of  tirae.  If  the 
engine  stiU  fails  to  start,  it  wiU  be  necessary  to 
I>rimc  the  hi^-jM-essure  lines.  Since  the 
procedure  necessary  to  prime  higlj-pr^ssure  lines 
varied  cwisidcrahly  with  different  installations, 
follow  the  manufacturer's  instructions  for  the 
proper  procedure. 

ENVIRONMENTAL  POLLUTION 
CONTROL 

Environmental  pollution  is  the  condition 
that  results  when  there  are  ^hemical,  physical,  or 
biological  agents  in  the  air,  water,  or  soil  which 
so  alter  the  natural  environment  that  aft  adverse 
effect  is  created  on  human  health  pr  comfort, 
fish  and  Wildlife,  other  aquatic  resources  and 
plant  hfe,  structures  and  equipment  to  the 
extent  of  producing  economic  loss,  impairing 
recreational  opportunity,  or  marring  /natural 
beauty.  To  reduce  air  pollution  at  sea,  the  Navy 
has  authorized  its  ships  to  bum  distillate  fuel 
tither  than  Navy  Special  Fuel  Oil  (NSFO).  The 
distillate  fuel,  unlike  NSFO,  has  a  low  ash  and 
sulfur  content  and  contains  no  residual 
component;  therefore,  it  bums  clean.  Oil 
pdkffioni  as  air  pollution,  has  a  serious  effect  on 
our  environnient.  Oil  spill  cleanup  operations  are 
both  difficult  -and  cqstly.  There  are  strict 
regulations  and  water  quality  standards  which 
apply  to  the  navigable  waters. 

Each  year  many  thousands  of  dollars  are 
spent  because  of  oil  spills.  Oil  spillage  is  not  only 


costly  in  money  value,  but  its  quality  affects  our 
■natural  environment,  damages  the  hulls  of 
yachts  or  boats,  poUuti^s  pur  beaches,  and 
destroys  muclj  fish  and  Midlife.  Much  of  this 
can  avoided  and  many  organizations 
including  the  United  States  Navy,  are  doing  as 
much  as^  possible  to  prevent  aich  pollution.  All 
Engincmen  must  be  familiar  .with  current  oil  .and. 
water  pollution  control  regulations. 

*  .  ♦ 

The  Oil  Pollution  Act  of  1961  prohibits  the 
discharge  of  Oil  or  water  containing  oil  into  the 
sea  within.  50  miles  of  any  land  and  establishes 
certain  prohibited  zones  which  in  some  areas 
§xtend  as  far*  as  ISO  mil^  from  land.  In. 

tile  provisions  of  the  Act  of 
of  oil  or  any  oil  mixture  is 
Jawful  when  such  actipn  is' 
afety  of  the  ship  or- its  cargo, 
and  for  the  saving  of  life  at  sea.  In  addition,  the 
escape  of  oil  or  any  taly  mixture  is  not 
considered  unlawful  if  it  results  from  damage  to 
the  ship  or  from  unavoidable  leaka^,  provided  ^ 
that  atll  reasonable  precautions  have  been  taken,  ^ 
after  occurrence  of  the  damage  or  discovery  of 
the  leakage,  to  prevent  Or  minimize  the  escape. 

The  Federal  Water  Pollution  Control  Act 
prohibits  the  discharge  of  oil  by  any  pereon 
from  any  waterbome  vessel  of  any  type  or  from 
any  onshore  or  offshbre  fadlity  into  or  upon  the 
navigable  waters  of  the  United  States,  adjoining 
shorelines,  or  into  or  upon  the  waters  of  the 
Contiguous  Zone.  (The  Contiguous  Zone  is  12 
miles   from   the   baseline  from  which  the  . 
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teititoiial  sea  is  measured.)  Restrictions  within 
the  Contiguous  Zcme  are  considerably  more 
strict  than  those  outside  the  ;6one.  Ccfi^ies  of 
applicable  regiilations  should  be  maintained  in 
the  log  room.  There  are  engin^ring  practices 
vlhat,  if  followed*  should  prevent  or  minimize  oil 
spin  age  in  waters  where  the  i^sultant 
contaminatioyn  is  likely  to  cause  damage. 

When  the  ship  is  located  in  the  waters  within 
limits  defuied  in  the  Oil  Pollution  Act  and  the 
Federal  Water  Pollution  Control  Act: . 

I.  Do  not  normally  transfer  fuel  oil  while 
the  ship  is  underway.  This  practice  not  only 
reduces  oil  spillage  (with  its  consequent  wide 
dispersal  due  to  the  movement  of  the  ship),  but 
also  reduces  the  possibility  of  an  en^neering 
casualty  in  restricted  waters. 

Z  Limit  the  transfer  of  >feid  oil  to  daylight 
hours,  and  establish  aitd  maintain 
sound-powered  telephone  communications 
between  competent*  personnal  stationed  at  all 
tanks  and  pumps  involved  in  the  fuel  transfer 
and  at  lookout  stations  so  located  that  personnel 


can  observe  fuel  tank  air  vents  and  overflows  at 
all  times. 

3.  Do  not  discharge  ballast  overboard  from 
piping  or  tahk3  except  into  a  sludge  barge  or  an 
oil-water  separator. 

4.  Establish  in  each  watch  section  an 
organized  oil  pollution  party  im;tructed  in  and 
capable  of  localizing,  containing^  and  disposing 
df  oil  spillage  and  slicks. 

^  5.  Indoctrinate  and  instruct  all  personnel 
Who  man  watchstations  on  weatherdecks 
(whether  moored,  at  anchofr^  underway)  in 
observing,  recognizing,  and,  reporting  all  oil 
pillage  and  oil  slicks. 

Pump  all  bilges  prior  to  entering  waten 
within  th^  limits  defined  by  regulations'  Within 
restricted  ( waters,  bilges  may  be  pumped  to 
contamin^ed  tanks  or  to  other  tanks  (ballast  or 
fuel)  tehiporarily  designated  by  the  engineer 
officer  to  receive  bilge  water  pehding  its  disposal 
safe  unrestricted  areas  at  sea.  In  many  ^rts 
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PROPULSION  CONTROL  SYSTBWS 


The  l?asic  principles  of  propulsion  control 
systeins  are  the  subject  of  this  chapter.  We  will 
first  discuss  the  methods  and  devices  for 
controlling  engines  and,  then,  the  devices  and 
systems  (including  shaft  speed  and  direction  and 
engine  Ip^d)  which  control  the  entire  propulsion 
plant. 


E>i6£NE  CONTROLS 

To  control  an  Engine  means  to"  keep  it 
running  at  a  desired  speed,  either  in  accordance 
with  or  rtjgardless  of  the  changes  in  the  load 
carried  by  the  en^ne.  The  degree  of  control 
required  depends  on  two  factors:  the  engine's 
performance  characteristics  and  the  type  of  load 
which  it  drives. 

.  In  diesel>engines,  a  varying  amount  of  fuel  is 
mixed  with  a  constant  amount  of  compressed  air 
inside  the  cylinder.  A  fuU  charge  of  air  enters 
the  cylinder  during  each  intake  event.  The 
amount  of  fuel  injected  into  the  pyHnders 
cdtttrols  combustion  and  thus  determines  speed 
and  power  output  of  a  diesel  engine.  A  governor 
regulates  the  flow,of  fuel," 


GOVERNORS 

A  governor  is  a  speed-sensitive  tlevice  which 
maintains  a  reasonably  constant  engine  speed 
regardless  of  load  variation.  All  governors  used 
on  diesel  engines  control  engine  •  speed  by 
regulating  the  quantity  of  fuel  delivered  to  the 
cylinders;  these  governors  may  be  classified  as 
SPEED- REGULATING  GOVERNORS. 
Governors  may  also  be  classified  according  to 
the  function  or  functions  \hcy  perform,  the 


forces  they  use  in  operation,  and  the  means  by 
which  they  operate  the  fuel  control  mechanism. 

The  function  of  a  governor  on  a  given  engine 
is  determined  by  the  load  on  the  Engine  and' the 
degree  of  control  requhftd.  Governors  arc 
classified  according  to  their  function  as: 
constant-speed,  variable-speed,  speed  limiting, 
and  load  limiting. 

Some  installatiorts  require  a  constant  engine 
speed  from  a  no-load  condition  to  a  full-load 
condition.  Governors  used  to  maintain  one 
speed,  regardless  of  load,  are  called 
ipONSTANT-SPgED  governors.  Governors, 
which  maintain  any  desired  engine  speed  over  a 
wide /speed  range  and  which  can  be  set  to 
maintain  a  desired  speed  in  that  range,  are 
classified  as  VARIABLE-SPEED  governors. 

Sp€«d  control  devices  which  are  used  to 
keep  an  engine  from  exceeding  a  specified* 
maximum  speed;  and  from  dropping  below  a 
specified  minimum  speed  are  classified  as 
SPEED-LIMITING  governors.  (Some 
speed-limiting  governors  limit  maximum  speed 
only.  Some  engine  installations  need  a  control 
device  to  limit  the  load  which  the  engine  will 
handle  at  various  speeds.  Such  devices  are  called 
LOAD-LIMITING  govemon.  Some  governors- 
afe  designed  to  perform  two  or  morg/df  theSe 
functions. 

Terminology  '  ' 

Before  considering  the  operating  principles 
of  govisriiors,  you  should  become  familiar  with 
these  terms,        ,  — 

1.  SPEED  DROOP  is  tlie  decrease  in  s^ved 
of  the  engine  from  a  no-load  condition  to  a 
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fulHoad  condition.  Speed  droop  is- expressed  in 
rpm,  or  more  commonly  as  a  percentage  of 
normal  or  average  speed  - 

2.  ISOCHROT^OUS  GOVERNING  is 
maintaining  the  sp^ed  of  the  engine  truly 
constant,  regardless  of  the  load.  This  means 
governing  with  perfect  speed  regulation  or  zero 
speed  droop. 

3.  HUNTING  is  the  continuous  fluctuation 
(slowing  down  and  speeding  up)  of  the  engine 
speed  from  the  desired  speed.  Hunting  is  ciiused 
by  overcontrol  by  the  governor. 

4.  STABILITY  i^  die  ability  of  the 
governor  to  maintain  the  desired  engine  speed 
without  fluctuations  or  hunting. 

5.  SENSITIVITY  is  the  change  in  speed 
required,  before  the  governor  will  ^ make  a 
corrective  movement  of  the  fuel  control 
mechanism  and^^  is  generally  expressed  as  a 
^percentage  of  the  normal  or  average  speed. 

6.  PROMPTNESS  is  the  speed  of  action  of 
the  governor.  It  identifies  the  time  interval 
fequirtjd  for  the  governor  to  move,  the  fuel 
control  mechanism  from  a  no-load  position  to  a 
full-load  position.  Promptness  depends  on  the 
power  of  the  governoi^  the  greater  the  power, 
the  shorter  the  time  re^Hired  to  overcome  the. 
resistance. 


Operating  Principles 

Most  of  the  governors  installed  on  diesel 
engines  used  by  the  Navy  operate  by  the 
centrifugal  force  of  rotating  wciglits  (flyballs) 
and  the  tension  of  a  helical  coil  spring(s).  On 
this  basis,  these  governors  are  generally  referred 
to  as  spring-loaded  centrifugal  governors. 

In  spring-loaded  centrifugal  governors,  two 
forces  oppose  each  other  One  of  these  forces  is 
produced  by  a  spring(s>  and  may  be  varied  either 
by  an  adjusting  device  or  by  the  manual  throttle. 
The  other  force  is  produced  by  the'  engine. 
Weights  attached  to  the  governor  drive  sliaft  are 
rotated  by  the  engise,  and  a  centrifugal  force  is 
created.  Tlie  amount  of  the  centrifugal  force 
varies  directly  with  the  speed  of  the  engine. 


Transmitted  to  tiie  injectors  through  a 
connecting  lihkage,  the  force  of  the  spring(s) 
tends  to  increase  the  amount  of  fuel  delivered  to 
the  cylinders.  On  the  othe^  hand,  the  centrifugal 
force  of  the  rotating  weights,  througli 
connecting  linkage,  tends  to  reduce  the  amount 
of  fuel  iiyected.  When  the  two  opposing  forces 
are  equal,  or  balanced,  the  speed  of  the  engine 
remaini  constant. 

To  illustrate  how '  the  centrifugal  governor 
works:  Assume  that  an  engine  is  operating  under 
load  and  that  the  opposing  forces  in  the 
governor  are  balanced,  so  that  the  engine  speed  ^ 
is  constant.  If  tlie  load  is  increased,  the  engine 
speed  will  decrease,  thereby  reducing  the 
centrifugal  force  of  the  flyballs.  Tlie  spring 
pressure  then  becomes  the  greater  force  and 
causes  the  fuel  control  mechanism  to  increase 
the  amount  of  fuel  dehvered  to  the  engine.  The 
increase  in  fuel  causes  an,  increase  in  engine 
speed  until  the  forces^  are  again  in  balance. 

.  When  the  Toad  on  an  engine  is  reduced  or 
removed,  tlie  engine  speed  increases  and  the 
centrifugal  force  within  the  governor  increases. 
The  centrifugal  forc^  then  becomes  greater  than 
the  spring  pressure  and  causes  the  fuel  control 
linkage  to  reduce  the  amount  of  fuel  delivered 
to  the  cylinders;  this  causes  the  engine  speed  to 
decrease  until  a  balance  between  the  opposing 
forces  is  again  reached  and  engine  speed 
becomes  constant. 

Regulation  of  Fuel  > 
Control  Mechanisms 


Governors  may  be  classified  according  to  the 
method  by  which  fuel  control  mechanisms  are^ 
regulated.  In  some  governors,  the  centrifugal 
force  of  the  rotating,  weights  regulates  the  fuel 
supply  directly  through  a  mechanical  linkage 
which  operates  tae  fuel  control  mechanism.  In 
other  governors,4?the  centrifugal  force  of  the 
rotating  weigh ti^^  regulates  the  fuel  supply 
indirectly  by  n^ing  a  hydraulic  pilot  valve 
which  controls  oil  pressure.  Oil  pressure  is  then 
exerted  on  either  side  of  a  power  piston  which 
operates  the  fuel  control  mechanism. 

n  o  I 
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Governors  that  regulate  the  fuel  supply 
directly  {through  mechanical  linkage)  are  called 
MECHANICAL  governors,  and  thpse  that 
control  the  fuel  indirectly  (through  oil  pressure) 
are  called  HYDRAULIC  governors.  Simple 
governors  of  the  mechanical  and  hydraulic  types 
are  shown  in  figures  1 1-1  and  1 1-2,  respectively. 

Note    that    in  .  the   illustration   of  the 
mechanical  governor,  the  weights  (or  fiybails) 
are  in  an  upright  position.  This  indicates  that  the 
tentrifugal  force  of  the  weights  and  the  pressure 
.   of  the  spring  are  balanced;  in  other  words,  the 

engine  is_  operating  at  constant  load  and  speed. 

,  .  If  ■ 

In  the  iilusfration  of  the  hydraulic  governor, 
-    the  positions  of  the  parts  indicate  that  the 
engine  is  responding  to  an  increase*in  load  with  a 
resultant  decrease  in  engine  speed.  Note  that  the 
'  weights  tilt  inward  at  the  top.  As  engine  speed 
■•  decreases,  the  spring  pressure  overcomes  the 
centrifugal  force  of  these  rotating  weights.  When 
the  spring  pressure  is  greater  than  the  centrifugal 
force  ot'^e  flybaHs,  tj^  governor  mftchaiiism 
pennits  oil  under  pressure  to  force  the  piston  to 
increase  the  fuel  valve  opening.  Th§  increased 
fuel  supply  causes  an  increase  in  e'hgine  power 
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Figur*  1 1-2.-Simpi8  hydrauiic  govflmor. 


Output  and  speed.  The  governor  regulates  the 
fuel  supply  to  develop  sufficient  power  to 
handle  the  increase  in  load.  , 

There  is  always  a  lag  between  a  change  in 
fuel  setting  and  the  time  the  engine  reaches  the 
new  desired  speed.  Even  when  the  fuel  controls 
are  set  as  required  during  a  speed  change, 
hunting  caused  by  overshooting  will  occur.  As 
long  as  engine  speed  is  above  or  below  the 
desired  new  speed,  the  simple  hydraulic 
governor  will  ^continuously  adjust  (overcorrect) 
the  fuel,  setting  to'  decrease  or  increase  the 
delivery  of  fuel.  For  this  reason,  a  hydraulic 
governor  must  have  a  mechanism  that  will 
discontinue  changing  the  fuel  control  setting 
slightly  before  the  new  set^ng  has  actually  been 
reached.  This  mechanism,  used  in  all  modern 
hydraulic  governors,  is  called-k  compensating 
device. 

One  type  of  compensating  device  is 
illustrated  in  figure  U-3.  The  pilot  valve  plunger 
operates  in  a  movable  pilot  valve  bushing  in 
which  are  located  the  parts  that  control  the  oil 
flow.  The  receiving  compensating  plunger 
controls  the  movement  of  the  vaWe  bushing 
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Figure  11-3.-A  hydriuik  govtmo?  with  cofnptnsitlnci  dtvict. 


during  a  speed  change.  The  compensating  action 
of  the  valve  bushing  is  controlled  hydraulicaliy 
by  transfer  and  leakage  of  oil  between  the 
compensating  receiving  plunger  and  the 
compensating-  actuating'  piston.  The  rate  of 
compensatjicHi  is  a4j^ted  by  regulating  the  oil 
leakage  through,  the  compensating  needle  valve. 
If  the  compensating  needle  valves  are  adjusted 
correctly,  only  a  sli^t  amount  of  hunting  will 
occur  after  a  change.  This  hunting  will 
quickly  be  dampened  out,  resulting  in  stable 
operation  through  the  operating  range  of  the 
governor. 

Hydraulic  governors  are  more  sensitive  than 
mechanical  governors.  The  mechanical  governor 
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is  more  commonly  used  on  small  engines  which 
do  not  require  extremely'  close  regulatioa^of 
fuel.  Hydraulic  governors  are  more  suitable  tor 
larger  engines  which  require  more  accurate 
regulation  of  fuel 


OVERSPEED  SAFETY 
DEVICES 


Engines  ^at  are  maintained  in  proper 
operating  condition  seldom  reach  speeds  above 
those  for  which  they  'are  designed.  However, 
conditions  may  occur  to  cause  excessively  high 
speeds.  Operation  of  a  diesel  engine  at  excessive 
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speeds  is  extremely  dangerous  bcc^iise  of  ihe 
relatively  heavy  construction  of  the  engine's 
rotating  parts.  A  high  speeding  engine  develops 
inertial  and  centrifugal  forces  which  may 
serious^  damage  parts  or  evep  cause  them  to  fly 
apart.  Therefpre,  you  MUST  know  why  an 
engine  may  reach  a  dangerously  high  speed  and 
how  to  bring  it  under  control  when  excessive 
speed  occurs. 

In  some  two-s^troke  cycle  engines,  lu^icating 
oil  may  leak  into  the  cylinders  jis  alifclt  of 
leaky  blower  seals  or  broken  '  pip JMlEven 
though  the  fuel  is  shut  off,  the  ei^emay 
continue  to  oixirate,  or  even  '.Yun  away,"  as  a 
result  of  the  combustible  n^terial  coming  from 
the  uncontrolled  -source/  Engines  in  which 
lubricating  oil  may  accuofulate  in  the  cylinders 
generally  have  an  automatic  mechanism  which 
shuts  off  the  intake  ai^t  the  inlet  passage  to  the 
blower.  If  there  is  m/air  shutoff  mechanism  and 
if  shutting  off  t|>^ fuel  will  not  stop  an  engine 
which  is^ovgrgtkeding.  a  cloth  article  such  as  a 
-  blanictfnSfa  pair  of  ^uiWafees  sh<?iild  be  placed 
oyer  the  en^ne's  intake\to  stop/airflow  which 
will  stop  the  engine.  f 

■  Excessive  engine  speeds  are  more  commonly 
found  where  there  is  an  improperly  functioning 
regulating  governor  than  where  lubricating  oil 
accumulates  in  the  cylinder^  To  stop  an  engine  ^ 
which  is  overspeeding  because  of  lubricating  oil 
in  tile  cylinders,  stop  the  flow  of  intake  air.  To 
ac'compiish  an  emergency  shutdown  or 
reduction  of  engine  speed  when  the  regulating 
governor  fails  to  function  properly,  shut  off  or 
decrease  the  fuel  supply  to  the  cylinders. 

The  fuel  supply  to  the  cylinders  of  an  engine 
may  be  shut  off  in  several  ways,  either  manually 
•  or  automatically;  (I)  Force  the' fuel  Control 
mechanism  to  the  "no  fuel"  position;  (2)  block 
the  fuel  Une  by  closing  a  valve;  (3)  open  a  valve 
in  the  fuel'  injection  line  to  relieve  pressure;  or 
(4)  prevent  the  mechanical  movement  of  the 
injection  pump, 

Overspeed  safety  devices  automatically 
operate  the  fuel  and  air  control  mechanisms.  As 
emergencf<controls,  these  safety  devices  operate 
only  in  case  the  regular  speed  governor  fails  to 


maintain  engine  speed  within  the  maximum^ 
design  limit.' Devices  that  briirg  an  overspeeding 
engine  to  a  full  stop  by  cooiptetely  shutting  off 
the  fuel  or  air  supply  are  generally  called 
OVERSPEED  TRIPS.'  Devices  tiiat  reduce  the 
iexcessive  speed  of,  an  engine,  bat  allow  the 
engine  to  operate  at  safe  speeds,  are  more 
commonly  called  OVERSPEEd  GOVERNORS. 

All  overspeed  governors  and  trips  operate  on 
a  spring-loaded  centrifugal  governor  element.  In 
overspeed  devices,  the  spring  tension  is  great 
enough  to  overbalance  the  centrifugal  force  of 
the  weights  until  the  engine  speed  rises  above 
the  desired  maximum.  When  an  excessive  speed 
is  reached,  the  centrifugal  force  overcomes  the 
spring  tension  and  operates  the  mechanism 
'  which  stops  or  limits  the  fuel  or  air  supply. 

When  a  governor  serves  as  a  safety  device, 
the  fuel  or  air  control  mechanism  is  operated  by 
tile  centrifugal  force  either  directiy,  as  in  a 
mechanical  governor,  or  indirectiy,  as  in  a 
hydraulic  governor.  In  an  overspeed  i^jj^^^the 
shutoff  control  is  operated  by  a  power  spftig. 
The  spring  is  placed  under  tension  when  the  irip 
is  manually  set  and  is  held  in  place  by  a  latch.  If 
the  maximum  speed  limit  is  exceeded,  a 
spring-loaded  centrifugal  weight  will  move  out 
and  trip  the  latch,  allowing  the  power  spring  to 
operate  the  shutoff  mechanism. 

Overspeed  safety  devices  must  always  be 
operative  and  must  never  be  disconnected  for 
any  reason  wliile  the  engine  is  operating.  They 
are  to  be  tested  under  the  Planned  Maintenance 
System  either  weekly  or  quarteriy,  depending 
on  the  application  of  the  en^ne. 


PROPULSION  CONTROL  SYSTEMS 


In  modem  propulsion  systems,  an  integrated 
system  of  pneumatic,  hydraulic,  and  electric 
circuits  provides  control.  Each  control  system 
function  may  use  only  one  of  these  three 
mediums,  a  combination  of  two,  or  a 
combination  of  all  three.  The  choice  of  control 
medium  in  each  instance  is  based  on  performing 
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a  given  control  function  in  the  ni«t  reliable  and 
efficient  manner.  In  general,  the  different 
control  mediums  are  used  in  the  following 
functions: .  The  basic  control '  medium  is 
pneumatic,  and  the  rmyority  of  propulsion 
control  functions  are  performed  by  pneumatic 
circuits.  Hydraulic  circuits  ^  .used  wherever  a 
large  amount  of  control  actuation  power  is 
required,  such  as  applying  pitch  to  controllable 
pitch  propellers.  Electric  circuite  are  used 
extensively  for  sensing  and  indicating  control 
system  conditions  and  for/alarm  systems<^ 

The  basic  requirements  for  a  propulsion 
control  system  are  three-fold.  First,  it  rniist 
control  the  main  engines^  load,  keeping  the 
engines  equally  loaded.  Next,  it  must  maintain 
propeller  shaft  speed  and  direction-  Finally,  it 
must  maintain  the  desired  pitch  since  some 
V  modem  diesel-driven  ships  have  confrollable 
pitch  propeiiers. 

The  ejjfene  speed  and  load  are  controlled  by 
the  goveflor  of  each  main  engine,  throu^  a 
^ pncumatjjr  signal  sent,  to  the  governor  which 
increases  or  decreases  the  speeder  spring  tension. 

Control  of  the  propcUer  shaft  sp^d  is  done  ^ 
by  controlling  the  main  engine  speed  as  stated 
above.  Propeller  shaft  direction  of  rotatidn,* 
ahead  ^  or  astern,   on   noncontrollable  pitch 
propeller  ships  is  controlled  by  clutches  and 
reduction  gears  (Chapter.  1 4). 

In  ships  with  controllable  pitch  propellers, 
the  pitch  is  controlled  by  a  signal,  either 
pneumatic  or  hydraulic,  sent  to  an  oil  direction 
box*  There,  the  signal  is  converted  to  a 
high-pressure  hydraulic  force  which  actuates  the 
propeller  blades  through  a  piston  and  cylinder 
assembly  in  the  propeller  hub. 

In  most  ships  with  propulsion  control 
systems,  the  machincry^c«n  be  operated  from 
three  different  locations.  Local  control  is  usually 
from  a  panel  mounted  on  or  near  the  piece  of 
machinery  to  be  operated.  The  local  control 
station  is  used  for  operating  a  single  unit,  such  as 
one  main  engine  or  cychng  the  pitch  on  one 
proifeller. 


The  enclosed  operatii^  station  (EOS)  has  a 
console  for  operating  one  complete  propeller 
shaft,  including  main  engines,  propeller  pitch, 
clutches,  and 'all  other  machinery  required  for 
propulsion.  On  large  ships,  there  may  be  one 
EOS  for  each  propeller  shaft,  while  on  smaller 
ships,  one  EOS  will  handle  all  propulsion 
machinery  for  the  ^p. 

The  third  operating  station  is  tlic  pilothouse 
console  Which  controls  profiler  shaft  speed  and 
,  pitch  or  direcfion.  Generally,  this  station  cannot 
control  starting  or  stopping  main  engines, 
operating  clutches,  or  controlling  other 
individual  pieces  of  prppulsion  machinery. 

Both  thc^E(^S  console  and  pilothouse 
console  will  have  instruments  to  indicate  shaft 
rpm,  propeller  pitch,  and  other  indicators 
required  for  monitoring  the  propulsion  plant. 

Propulsion  control  systenis  will  operatCc  for 
many  years  trouble-free  with  a  minimum  of 
care.  * 

Pneumatic  systems  need  a  constant  source  of 
clean  dry  air  to  operate  conectly.  If  the  supply 
of  air  is  dirty  or  contains  oil  or  water,  the 
variefus  control  valves '  throughout  the  system 
will   stick    and    cause    malfui^ctions.  All 

.connections  /  should  be  checked  periodically, 
because  if  leaks  should  start,  a  drop  in  line 
pressure  will  create  a  faulty  signal. 

^  Hydraulic  systems'  worst  enemy  is  dirt.  If 
any  dirt  is  allowed  to  entfer  the  system,  whether 
when  oil  is  being  added  or  when  other  work  is 
being  performed,  \\  will  create  probUms.  The 
extremely  close  clearance  of  parts  in  hydraulic 
components  will  be  dooiaged.  Also,  dirt  will 
cause  valves  in  the  system  to  malfunction. 

Electrical  systems  are  all*  but  trouble-free 
with  little  routine  maintenance  required. 
Occasionally  problems  occur  because  of  loose 
connections  or  failure  of  a  component. 

Most  propulsion  control  systems  will  use  a' 
combination    of    all    three    mediums.  In 
troubleshooting  a  malfunction,  it  is  usually  best 
to  check  only  one  medium  at  a  time  until  the 
trouble  can  be  isolated  and  repaired. 


CHAPTER  12 


DlESa  ENGINE  OPERATING  PRCSCEDURES 


In  this  chapter  we  shall  apply  the  material  in 
the  preceding  chapters  to  the  pi^actical  problems 
of  operating  diesel  engines.  Since  the  diesel 
engines  used-by  thelJavy  differ  widely  in  design, 
size,  and  application,  the  procedures  we  will  / 
discuss  apply  only  to- general  type  installations.  * 
Descriptions  will  apply  generally  to  the  various 
auxiliary  and  propulsion  diesel,  installations  in 
\  Navy  ships.  Detailed  and  specific  information 
and  operating  instructions  are  provided  in  the 
msinufactureis'  manuals  f^r  specific  installations 
and  in  ship's  doetrine  such  as  the  Engineering 
Operation  Sequencing  Standards  (EOSS). 


Diesel  Engines  arc  started  by  hydraulic, 
electric.  Or  air-powered  starting  motors.  The 
general  starting  procedure  for  all  types  of 
systems  consists  of  (1)  pre-operational  checks, 
(2)  aligning  supporting  systems,  and  (3)  cranldng 
the  erigine  with  the^  starting  equipment  until 
ignition  occurs  and  the  erigine  is  running. 

The  steps  ii^  the  starting  procedure  will 
differ  depending  on  whether  the  engine  is  bdng 
started  after  routine  securing,  after  a  brief 
period  of  idleness,*  or  after  a  long  period  of 
idleness.  We  will  first  list  the  stcf>s  to  fdllow 
after  a  routing  securing. 


OPERATING  INSTRUCTIONS 
FOR  DIESEL  ENGINES 


STARTING  PREPARATIONS 
AFTER  ROUTINE  SECURING 


There  may  be  occasions  when  a  diesel  engine 
must  be  started,  operated,  and  secured  under  a 
variety  of  demanding  conditions,  such  as 
emeigencies  and  casualties  in  engine  supporting 
sy  sterns.  Operation  under  such  unusual 
conditions  requires  that  you  know  and 
understand  the  engine  installation,  the  function 
of  supporting  systems,  and  the  reasons  for  the 
procedures  used  in  normal  operation.^ 

The  Engineering  Operation  Sequencing 
Standards  help  to  eliminate  operational 
problems  for  norma] ,  situations  under  which 
engines  are  operated.  EpSS  involves  the 
participation  of  all  personnel  from  the 
department  head  to  the  watchstander.  EOSS  is  a 
set  of  systematic  and  detailed  written 
p-ocedures  which  uses  charts,  instructions,  and 
diagrams  for  operation  and  casualty  control  of  a 
ihip's  engineering  plant  and  configuration. 


First,  make  ready  thte  supporting 
systems-cooling,  lubrication";  and  fuel; 

■   -  . 

1 .  Check  all  valves  in  the  seawater  cooling 
system  to  ensure  that  the  system  is  lined  ui?  for 
normal  operation. 

2,  Start  separate  motor-driven  seawater 
pump,  if  provided.  If  an  auxiliary  engine  is 
cooled  from  the  ship's  saltwater  circulating 
system,  ensure  that  adequate  pressure  and  flow 
will  be  availiable. 

3.  Vent  seawater  coolers,  using  the  vent 
cocks  or  vent  valves  on  the  heat  exch^ger 
shells.  If  this  is  not  done,  air  or  gas  can 
accumulate,  reducing  the  effective  codling 
surface  area  of  a  heat  exchanger. 

4,  Check  the  level  in  the '  freshwater 
expansion  tank.  Remember  that  a  cold 
expansion  tank  will  need  a  lower  fluid  level  than 
one  that  is  hot,  so  leave  room  for  expansion. 
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5.  Check  the  freshwater  cooling  system: 
Set  all  valves  in  their  operating  positions,  start 
the  motor-driven  circulating  pump  if  provided, 
vent  the  system,  and  check  freshwater  level 'in 
the  expansion  tank  again.  The  freshwater  level 
may  have  dropped  if  air  or  gas  was  vented 
elsewhere  in  the  system. 

6.  Check  the  lubricating  system:  Check  oil 
level  in  the  sump;  add  oil  if  necessary  to  bring  it 
to  the  proper  level.  Ensure  that  adequate  grease 
is  applied  to  bearings  that  require  grease 
lubrication.  If  oil  heaters  are  instated,  raise  the 
lubricating  oil  to  lOC^F. 

7.  In  idle  engines  the  lube  pil  film  can  be 
lost  from  the  cylinder  wall;  it- is  desirable  to 
restore  this  film  before  actually  starting  the 
engine.  (Large  diesel  engines  wiU  r^tore  the  film 
by  pressurizing  the  lUbe  diNy^em  and  jacking 
the  engine  over  witiiput  starting4t.  T^  pressure 
in  the  lube  oil  systehi  will  oil  the  cylinders,  and 
the  pistons  will  ^distribute  the  oil  film.)  To 
pressurize  the  lubricating  system  either  start  tlie 
motor-driven  lubricating  oil  pump,  if  installed, 
or  operate  a  hand-operated  lubricating  oil  pump. 
If  the  lubricating  oil  pump  is  driven  by  the 
engine,  it  will  develop  pressure  when  the  engine 
is  jacked  over.  (To  reduce  load  on  the  jacking 
gear  and  prevent  an  accidental  start,  open  anV 
cylinder  test  valves  or  indicator  cocks.)  Then 
turn  the  engine  over  using  the  jacking  ge^r, 
which  may  be  motor-drivoi  or  hand-operated. 
As  the  engine  turns  over,  observe  the  indicator . 
cocks  for  excessive  moisture  vVliich^  indicates 
water  or  fuel  accumulation  in  the  cylinders. 

8.  When  you  have  performed  the  p't^pedijjig 
operation,  disengage  the  jacking  gear  an^'testore; 
ihe  valves  and  cocks  to  their  operating  positions. 

.    \  '  ■ 

9.  Line  up  and  prime  the  fuel  systeips.s 
Check  to  ensure  that  J  here  is  sufficient  clean 
fuel  for  the  anticipated  engine  operation. 

10.  Clieck  for  malfunction  in  alarms, 
the  low-pressure  lubricating  oil  alarm  an 
freshwater  high-temperature  alarm. 

1 1.  Now  start  the  engine  with  the  starting 
system.  Follow  all  proper  procedures  for  the 
type  of  starting  system  in  use. 

12.  Once  the  engine  is  running,  energize  the 
low-pressure  lube  oil  alarm  and  the  water 


temperature  alarm.  Pay  careful  attention  to  all 
gages  and  other  indications  of  engine  condition 
and  performance.  Diesel  engines  tend  to  be 
noisy,  particularly  when,  cold  and  idling. 
Familiarity  with  tlie  normal  sounds  of  the 
engiiie  will  help^  avoid  unnecessary  panic. 
Lubricating  oil  pressure  is  the  best  I  indication 
that  a  cold  engine  is  operating  properly.  If  it 
does  not  rise  immediately  to  the  operating 
pressure,  STOP  the  engine  and  determine  the 
cause  of  the  low  pressure. 

13.  If  possible,  avoid  placing  a  load  on  the 
engine  until  it  has  reached  operating 
temperatures.  Loading  ^  a  cold  engine  will 
produce  carbon  ip,  tlie  cylinder  heads,  cause 
excessive  engine  wear,  and  dilute  the  lubricating 
ddUThe  procedures  for  placing  the  engine  on  the 
line  will  depend  on  the  type  of  installation,  but 
in  general,  it  is  best  to  bring  the  engine  up  to 
speed  gradually,  while  .being  very  alert  to  signs 
of  malfunction. 

STARTING  AFTER  A  BRIEF 
PERIOD  OF  IDLENESS 

Starting  a  warm  engine,  after  it  was  recently 
secured  and  if  no.  unusual  conditions  are 
suspected,  consists  of  (1)  aligning  the  systems 
that  may  have  been  secured  such  as  circulating 
water,  (2)  setting  the  engine  to  njn  in  the 
desired  direction,  if  a  reversing  engine  is  being 
restarted,'  (3)  disconnecting  the  load,  if  possible, 

>  and  (4)  cranking  the  engine  up  to  starting  speed. 

/^Carefully  observe  lubricating  oil  pressure,  llie 
temperature  of  coolant  may  exceed  normal 

'  operating  temperatures  foT  a  minute  or  so  until 
the  heat  aibcumulated  in  the  secured  engine  is 
removed. 

StAkTING  PREPARATIONS 
VAFTER  OVERHAUL  OR 
^NG  IDLE  PERIOD 

Additional  checks  and  inspections  should  be 
^  made  when  the  engine  to  be  started  has  been 
idle  for  a  long  period  of  time  or  has  been 
overfiauled. 


1 .  Inspect  parts  of  the  ejigHre  system  that 
have  been  worked  on  to  ensure:  the  work  is 
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complete,  covers  have  been  replaced,  and  it  is 
safe  to  operdte  any  valves  or  equipment  that  has 
been  tagged  out  of  service. 

2.  Check  ail  pipe  connections  to  see 
whe.ther  the  connections  are  tight  and  whether 
the  systems  have  been  properly  connected. 

3.  FUl  the  freshwater  cooling  system  with 
freshwater  if  it  has  been  drained.  Be  sure  coolant 
flows  through  all  parts  and  components  of  the 
system.  Vent  the  system.  If  possible,  apply  a 
hydrostatic  test  to  the  cooling  system. 

4.  Make  a  thorougli  check  of  the 
lubricating  system.  Check  sump  level  and  fill  if 
necesilry.  If  ^|^parate  oil  pump  is  installed, 
prime  tlie  engmBBThe  system  can  be  considered 

.  primed  when  S^U^t  pressure  is  registered  On 
the  engine  oil  pressure  gage.  Then  make  a  visual 
check,  with  inspection  plates  removed,  to  see 
whether  oil  is  prgserit  af  all  points  of  the  system 
and  in  each  main  bearing.  Examine  pipes  and 
fittings  for  leaks.  If  lubricators  arc  installed,  be 
sure  they  are  filled.  *.  * 

5.  Inspect  air  receiver,  filter,  and  the 
blower's  discharge^pa'ssages  tor  cleanliness,  and 

^   remove  any  oil  accumulatic^^.'.  -^ 

6.  If  the  engiri?  has  a  hydraulic  governor, 
inspect  the  governor  oil  level.  If  an  overspeed 
trip  is  installed,  be  sure  it  is  in  proper  pperating 
condition  and  position. 

7.  Examine  all  moving  parts  of  the  engine , 
to  see  that  they  are  clear  for  funning.  Check  the 
valve  assei;nblies,  including  the  intake,  exhaust, 
and    air-starting    valves,    for    freedom  of 
movement. 

.    8.  Check  fuel  injector  timing. 

9.  Inspect  the  fuel  oil  service  tank  for  the 
presence  of  water  and  sediment.  Fill  the  tank 
with  clean  oil  if  necessary.  Start- auxiliary  fuel 
pumps,  if  installed,  and  see  whether  fuel 
pressure  gages  are  registering  properly.  Examine 
fuel  oil  piping  and  fittings  for  leaks,  especially 
fittings  and  lines  inside  the  engine.  Thoroughly 
vent  all  air  from  the  fuel  system-,  using  the  vent 
cocks.  Be  sure  that  fuel  oil  strainers  have  been 
cleaned  or  that  new  filter  elements  have  been 
installed.  If  fuel  oil  has  been  standing  in_ibe 
same  tank,  run  it  through  a  centrifuge  to  purify 
it. 

10.  If  the  engine  has  an  air-starting  system, 
open  the  lines  on  the  system  and  blow  them  out. 


.Reconnect  these  lines  and  presssurize  the 
starting-air  banks.  ^, 

11.  Make  a  finaU  check  to  enswe  that  all 
parts  are  in  place,  them  open  all  scavenging-air 
header  and  exhaust  header  manifold  drains. 

•   12.  Now    start  \the   engine,    using  the 
procedures  for  a  routir^ly  secttred  engine. 

NORMAL  OPERATINgVrOCEDURES 

Operation  of  a  dieseK  engine  cannot  be 
separated  from  the  operation  of  the  equipment 
it  is  driving.  Therefore,  for\  purposes  of  qut 
discussion,  we  shall  assume  ^'^hat  lyou,  as  the 
operator,  are  fully  aware  of  the  >comtdete  system 
ypu  are  running. .  Each  type  of  ^ngine  and^ 
installation  has  its  special  operating \rou tine.  A 

.systematic  pro.cedure  has  usually  been 
established,  based  on  these  special  requirements 

■and  on  the  experience  of  the  engine  operators 
with  tlie  particular  installations.  You  must 
respect  and^foUqw  this  procedure.  The  following 
description  of  procedures  is  general  and  should 
be  considered  as  incomplete  in  terms  of 
operation  of  any  specific  plant. 

While  engines  are  operating,  their 
performances  are  monitored  and  observed  for 
two  purposes:  (1)  to  recognise—early  any 
unsatisfactory  operation  or  impending 
malfunctions-  so  that  immediate  casualty  control 
procedures  can  be  started  and  (2)  to  develop  a 
comparative  record  over  a  period  of  time  so  that 
gradually  deteriorating  conditions  can  be 
detected.  For  the  latter  purpose,  you  must  keep 
a  complete  log  of  all  operating  conditions. 
Observe  and  record  the  operating  pressures'  and 
temperatures  in.  tlie  log  at  hoyriy  intervals. 
Compare  the  entries  oyer  a' period  of  time  and 
note  any  deviations  from  normal  conditions. 
,  You  must  be  alert  to  changed,  or  unusual, 
noises  made  by  operating  machinery.  Gradually 
changing  sounds  are  difficult  to  detect, 
especially  if  you  are  fn^xgerienced.  Often  an 
oncoming  watch  will  deH^  a  new  sound  that  the 
present  watch  was  not  aware  of. 

When  unusual  operating  conditions  occur,* 
load,  lubricarion,  cooling,  engine  speed,  or  fuel 
supply  are  usually  responsible,  either  directly  or 
indirectly. 

-A 
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Chapter  i2-DIESEL  ENGINE  OPERATING  PROCEDURES 


Load 

The  maimer  of  applying  a  load  to  an  engine 
and  the  regulation  of  the  load  will  depend  on 
the  type  of  i<^d*  and  system  design.  The 
procedures  ^or  loading  an  engine;- or  placing  it 
on  the  line  will  be  established  by  locpl  doctrine, 
<)t  in  new  installations  by  the  system  designers. 

Whenever  you  are  starting  a  cold  engine, 
allow  ample  time  to  build  the  load  up  gradually. 
NEVER  heavily  load  the  engine  until  it  ' is 
warmed  up.  The  manufacturer's  instructions 
should  be  followed  in  all  but  emei^ency 
situations.  Gradual  application^f  the  load  will 
prevent  damage  to  the  engine  fcpm  such 
conditions  ^as  uneven  rates  of  expansion  and 
inadequate'  lubrication  at  low  temi>eratures. 

Never  operate  a  diesel  engine  fpr  prolo^iged 
periods  with  less  than  one-third  of  i\s,  rated  load. 
Combustion  at  low  load  is  incomplete,  so 
partially  burned  fuel  oil  and  Rubricating  oil  may 
caus^  heavy  carbon  deposits  which  will  foul  the 
valve  stems,  piston  rin^,  and  exhaust  systems. 
In  *  addition  to  these  problems,  a  low-load 
operation  may  cause  the  exhaust  valves  to  stick 
and  bum,  dilute  the  lubricating  oil,  scuff  the 
cylinder  liners, 'increase  fuel  consumption,  and 
cause  excessive.  smOke  when  the  load  is 
increased.  If  you  must  operatSLan  engine  at  less 
than  30%  power  for  more  than  30  m'inutes,  you 
should  increase  the  load  to  aiiove  50%  power  at 
th^  first  opportunity. 

Diesel  engines  are  designed  to  operate  up  to 
fulMoad  conditions  for  prolonged  periods,  but 
^should  NEVER  be  operated  at  an  overload 
except  in  an  emergency.  Tliis  includes  both 
excessive  torque  and  speed  loads.  Overload  m^ay 
be  indicated  by  excessive  tempepitures,' smoky 
exhaust,  or  excessive  firing  pressures.  When 
conditions  indicate  an  overload,  reduce  the  load 
immediately. 


Lubrication 


We  discussed  the  importance  6f  lubrication 
in  chapter  9,  The  pcrfonnancc  of  the  lubrication 


system  is  one  tlie  most  important  factors  of 
engine  operation  which  you  can  monitor; 
Indicators  continuously  show  oil  temperature 
and  pressurS  in  key  parts  of  the  system.  While 
the  engine  is  operating,  you  should  monitor 
these  indicators  and  si^t  glasses  on  a  regular  r 
basis*  Ap  alann  of  some  sort  will  usually  wara  of 
k)W  pressure  but,  if  one  is  not  installed,  you 
must  continuously  monitor  the  oil  pressurtj^ 

If  the  lubrication  system  uses  a  wet  sump, 
you  sliould  ch^ck  thele^sl-St-^g^i^  intervals. 
Otherwise,  observe^;^e  amount  of  oil  in  tiie 
system  at  regular^  intervals  by  tlie  available 
means.  Under  typicakppe rating  conditions,  you 
siiould  be  able  to  estimate, the  rate  at  which  the 
engine  burns  its  lubricating  oil  and  to  predict 
when  replenishnient  will  be  needed. 

The  condition  and  cleanliness  of  the 
lubricating  oil  is  critical  for  long  engine  life.  If 
lubricating  oil  purifiers  are  provided,  keep  them 
hinnihg  wliile  the  engrrtes  are  running.  When  the 
engines  are  idle,  ojJerate  the  purifiers  at  regular 
interv^s.  Cle^flr  the  metal-edge  type  lubricating 
oU  strainers  by  rotating  the  cleaning  handle  two 
c^iplete  revolutions.  Tliis  is  done  each  watch.> 
Tlie  condition  of  filters  is  often  indicated  by  the 
amount  of  pressure  drop  from  the  inlet  to 
outlet.  Gages  are  installed  to  indicate  this 
differential  and  you  should  check  them 
frequently.  Equipment  is  usually  available  to 
check  viscosity  and  you  should  use  it  daily  to* 
test  the  lubricating  oil  tp  determine  the 
percentage  of  fuel  dilution. 


Pressures  and.Temperatures 


.  All  pressures  and  temperatures  must  be 
maintained  within  the  normal  operating  ranges; 
if  this  is  Hot  possible,  secure  the  engine.  Check 
all  iijstniments  frequently.  Tlie  manufacturer,*s  , 
^instructions  provide  detailed  information 
conceniing  the  proper  operating  pressures  and " 
temperatures.  When  this  infbfmation  is  not 
available,  maintain  the  tem|)erature  of  the 
lubricating  oil  as  it  leaves  the  engines  between 
140°  and  ISO^F,  and  maintain  the  tempef^ure 
of  the  freshwater  as  it  leaves  the  engine  at  ntr — " 
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less  than.  140°  or  more  than  170°F,  Do  not 
,  allow  the  temperatures/in  the  saltwater  cooling 
system  to  exceed  ISO^'F;  higher  temperatures 
^  will  cause  deposits  of  salt  and  other  solids  in  the 
coolers  and,  piping  and  wiU  aggravate  corrosion. 
To  ensure  efficient  operation  in  engines  that  are 
cooled  by  saltwater,  never  allow  the  temperature 
of  th^  saltwater  coolant  to  drop  below  lOO^'F  at 
the  engine  discharge.x  •  .  . 

Make  frequent  checks  of  the  cooling  system 
to  detect  any  leaks.  Vent  coolers  and  heat 
e^^changers  at  least  once  each  ^atch.  Check  the 
level  of  the  freshwater  in  the  expansion  tank 
freqii€;ntly;  a4/i  freshwater  as  necessary.  If  the 
freshwater  level  gets  low  enough  tb^  cause 
'  ov^heating  of-  the  engine,  Nl^ER  add  s^\d 
water  until  the  engine  has^  cooled. 


Cridcai  Speeds 


TJjte  vibrations  Fesulting  from  0]>eration\at 
destructive  critidal  speeds  will  cause  serious 
dantagd^^to  an  engine. 

All  moving  parts  of  macfti^ery  have  critical 
speeds.  Critical  speed  .means  certain  ranges  of , 
speed  during  which  excessive  vibration  Jn'  the 
engine  i$  created.;  Every  part  of  the  engine )ias  a 
NATURAL  PERIOD  OF  VIBRATION,  or 
FI^EQUENCY.  WU^n  impulses  set  up  a  vibration 
which  coincides  with  the  natural  frequency  of 
the  body,  each' impair  adds  to  the  magnitude  of 
the  previous  vibration;  finally, .  the  vibration 
becorhes  great  enougli  to  damage  the  engine 
sljructure.  ,  J  ' 

Vibration  may  be  set  up  by  linear  impulses 
\  from*   reciprocating  mparts    or   by  torsfohal 
jnipulses  fmm  rotating  mettibers,  Tlie  crankshaft 
the  piUJl^iich^u^^  torsional' vibVations,  The 
.  pressure  .^^ulse  on  the  piston  puts  a  twist  in 
the  crankshaft;  when  the  pressure  on  the  piston 
is  ^omewlVat  relieved/  the  shaft  untwists.  If 
pressure  impulses,  which   a;re  timed   to  the 
natural  period  of  tlie  shaft,  are  peirtnitted  to 
continue,    the>  ampHtude    of  vibration  will 
became  so  gfeat  that  it  miglit  break  the, shaft.  If 
the  speed  of  such  an  engine  is  changed;  however, 
the  pressure  inipiilses  will  no  longer  coincide 
with   ^he  natural  period   of  the  sliaft;  the* 
vibration  will  then  cease. 


Since  each  engine  has  a  natural  period  of 
vibration,  which  cannot  be  changed  by  the* 
operqilpl^  the  only  control  yo\i  have  is  to  avoid 
operatmg  the  engine  at  critical  speeds.  If  critical 
speeds  exist  below  the  normal  speed  of  the 
engine,  you  must  pass  througli  the  critical  ranges 
as  quickly  as  possible  when  changing  engine 
speed,  detailed  information  concerning  critiqal 
speed  ranges  is  provided  with  each  installation. 
Tachometers  must,  be  marked  to  show  any 
critical  speed  ranges  to  make  it  easier  for  the 
operator  to  ke)sp  the  engine  out  of  the  critical 
ranges;  Tachometers  sometimes  get  oui  of 
adjustment;  therefore,  they  must  be  frequently 
checked  with  mechanical  countprs.  ^ 


Fuel 


You  must  maintain  an  adequate  supply  of 
the  ,  proper  fuel  Check  the  fuel  system 
frequently  for  leaks,  Qean  all  fuel  oil  strainers  at 
periodic  intervals.  Replace  fuel  oil  filter, 
elements  whenever  necessary.  When  diesel  ftid 
oil'  purifiers  are  provided,  purify  all  fuel  Wfore 
transferring  it  to  the^'se.ryice  tank.  Frequently 
check  the  service  tank  for  water  and  otliet 
settled  impurities  by  sampling  through  the  drain 
valve  at  the  bottom  of  the  tank.  Drain  off  water 
and  impurities. 


Stopping  and  Securing  Procedures 


ERLC 


250 


Diesel  engines  are  - stropped  by  shutting  off 
the  fuelssupply-placing 'the  throttle  or  the 
throttle  control  in  the  stop  position.  If  the 
engine  installation  permits,  it  is  a  good  idea  to 
let  the  engine  idle,  without  load,  for  a  short  time 
before  stopping  if.  to  allow  the  engine 
temperatures  to  reduce  gradually.  It  is  also  good 
practice  to  Operate  the  overspeed  trip,  when 
stopping  the  engine,  to  check  the  operating 
condition  of  the  device.  Before  tripping  the'- 
overspeed^  trip,  reduce  the  engine  speed  to  low 
idling  speed.  Some  overspeed  trips  ^  reset 
automatically;  in  some  installations,  you  must 
reset  the  overspeed  trip  manually  before  the 
engine  can  be  started  again.  ,  • 


Chapter  12>- DIESEL  ENGINE  OPERATING  PROCEDURES 


In  addition  to  the  detailed  procedure  listed 
llii  checklists  and  manufacturer's  manuals,  you 
should  take  the  following  step$  after  an  isngine 
has  stepped: 

1.  Open  the  drain  cqcks  on  the, exhaust 
^Uncs  and  thlSse^^  on  the  scavenging-air  inlet 
headers^  if  pravided. 

2.  Leave  c^^en  an  adequate  numbei:  of 
indicator  cocks,  cylinder  test  vilves,  or 
hand-operated  relief  valves  to  indicate  any  water 
in  the  cylinders.  ♦  .        "  ) 

3.  *  Secure  the  air  pres»ire.  If  starting  aii"  is' 
left  on,  the  possibilitx  of  a  serious  accident 
exists. 

4.  Qo^j^ll  sea^  valves/  ^ 

5.  Allow  the  engine  to  cooL 

6-  Drain  ^e  freshwater  wbei^  freezing 
temperatures  prevail,  unless  an  antifreeze 
solution  is  being  used.  * 

7.  '  Gean  the  engine  thoroughly  by  wiping  it 
down  Ifefore  jt  cools.  Qean  the  deck  plates  and 
sec  that  the  bilges  are  dry. 

8.  Arrange  to  have  any  casualties  repaired. 
No  matter  how  minor  they  may  appear;  repairs 
must  be  made  and  troubles,  must  be  corrected 
promptly. 


PRECAUTIONS  IN  OPERATDvf^^ 
^   ^^J}I]^L  ENGINES 

You  jjmst  obtain  the  specific  safety 
precautions  for  a  given  engine  fro^n  its 
manufacturer's  operating  ipstructions.  In 
addition  to  those  of  the'  manufacturer,  you 
should  observe  the  following  precautions  in 
operating  and  maintaining  a  diesel  engine« 


REUEF  VALVES 


If  a  relief  valve  bn  an  engine  cylinder  lifts 
(pops)  several  times,  stop  the  engine 
immediately  and  determine  and  remedy  the 
cause  of  the  trouble.  NEVER  lock'  relief  valves 
in  a  closed  position,  e?^cept  in  an  emergency. 
Pressure-relief  mechanisms  are  fitted  on  all 


enclosures  in  which  excessive  pressures  may 
develop-  Strict  compliance  'with  designated 
adjustments  on  these  mechanisms  is  essential. 

vFUEL  ' 

Precautions  must  b^ntaken  to  ensure  tliat 
fuel  IS  NOT  pumped  into  a  cylinder  while  valves 
are-  being  tested  or  while  the  engine  is  being 
motored,  since  an  excessive  pressure  may  hfi 
cre'ated  in  the  cylinders  when  combustion  of  the 
fuel  takes  place.  When  fuel  reaches  the  injection 
system,  it  should  be  absolutely  free  .of  water, and 
foreign  matter-  You  must^lhoroughly  centrifuge 
the"  fuel  before  Use  and  keep  the  filters  clean  and 
intact.  Fuel  oil  jeak^e  iq|o  the  lubricating  oil 
system  will  cause  dilution  of  the  lubricating  oil 
with  consequent  reduction  in  viscosity  and 
iubricaSng  properties. 

COOLING  WATER 

Do  NOT  allow  a  large  amount  of  cold  water, 
under  any  circumstances,  to  enter  a  hot  engine 
suddenly.  Rapid  cooling  may  crack  a  cylinder 
liner  and  head  or  'seize  a  piston.  Stop  the  engine, 
when  the  volume  of  circulating  water  cannot  be 

^increased  and  the  temperatures  are  too  high.  Irf 
freezing  weather,  you  must  carefully  drain  all 
spaces  which  contain  freshwater  and  which  are 
subject  to  freezing,  unless  ait  antifreeze  solution, 

-  is  added  to  the  water. 

STARTING  AIR  " 

Wlien  engines  are  stopped,  you' must  vent  all 
starting  air  lines;  serious  accidents  may  result  if 
pressure  is  left  on.  Intake  air  must  be  kept  as 
'  clean  as  possible;  accordingly,  you  must  keep  all 
air  ducts  and  passages  clean. 


CLEANLINESS 

Geanliness  is  one  of  the  basic  essentials  |n 
the  efficient  operation  and  maintenance  of 
diesel  engines^  You  must  maintain  clean  fueli^ 
clean  air,  clean  coolants,  clean  lubricants,  and 
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dean  combu«tion.  You  must  keep  the  engines 
clean  at  aU  times,  and  take  steps^io  prevent  oil 
from  accumulating  in  the  bilges  or  in  other 
pockets.  ' 


EMERGENCY  DIESEL  GENERATORS 


Practically  all  naval  .ships  arc  equipped  with 
dicsel-drivcn  emergency  geiK^tors.  (Diesel 
engines  are  most  suitable  for '(tM- application 
because  of  their  self-sufficiency  and 
quick-starting  ability.)  Emergency  generato« 
furnish  posverV  directly  to  .  the  electrical 
auxiliaries,  radio,  radar^  weapQns,  and  vital 
machinery  spaces.  In  addition,,  emergency 
generators  serve  as  a  source  of  power  for 
casualty  power  installations.  All  engineering 
personnel  should  become  familiar  with  tiie 
emergency  system  aboard,  their  ship. 

The  typical  shipboard  plant  consists  of  two 
emergency  diesel  generators,  one  forward  and 
.  one  aft,  in  spaces  outside  the.  enginerooms  and 
flrerooms.  Each  emra-gency  generator  has  its 
individual  switchboard  and  switching 
arrangement  for  control  of  the  generator  and  for 
distribution  of  power  to  certain  vital  auxiliaries 
and  to  a  minimum  number  of  lighting  fixtures  in 
vital  spaces. 

The  capacity  of  the  emergency  unit  varies 
with  the  size  of  the  ship  in  which  it  is  installed. 
Regardless  of  the  size  of  the  installation,  the 
principle  of  operation  is  the  same. 

Emergency  diesel  engines  are  started  either 
by  compressed  air  or  by  a  starting  motor  and 
develop  full  rated  load  power  within  1 0  seconds. 
.  In  a  typical  installation,  the  starting 
mechanism  is  actuated  when  the  chip's  supply 
voltage  on  the  bus  falls  to  approximately  80%  of 
nomial.  In  a  440-volt  system,  this  would  be 
approximately  350  volts.  The  generators. are  not 
designed  for  parallel  operation.  Therefore,  when 
the  ship's  supply  voltage  fails,  a  transfer  switch 
automatically  disconnects  the  emeiigency 
swi-tch  board  from  the  main  distribution 
swilchboard    and    connects    the  emergency 


generator  to  the  emergency  switchboaid.  With 
this  arrangemoit,  transfer  from  the  emergency 
svrilchboard  back/ to  the  main  distribution 
switchboard  is  accomplished  manually;  then,  the 
emergency  generator  mist  be  manually  stopped 
and  reset  for  automatic  starting. 

Since  the  emergency  diesel  generators  are  of 
limited  capacity,  only  certain  circuits  can  be 
supplied  from  tiie  emergency  bus.  These  include 
such  circuits  as  the  steering  gear  and  the  interior 
communication  switchboard.  If  some  vital 
circuit  is  secured,  another  circuit  may  then  be 
cut  in,  up  to  the  capacity  of  the  generator. 


OPERATINC;  INSTRUCTIONS 


Normally,  the  emergency  diesel  generator 
will  start  automatically,  but  for  test  purposes 
and  under  other  conditions  it  may  be  started 
and  operated  manually.  The  following  are  the 
principal  points  for  the  operation  of  an 
air-started  diesel  generator  :  . 

The  engine  is  started  automatically  when  the 
ship's  supply  current  fails,  and  causes  ^the. 
solenoid  air  valve  Qocated  between  the  starting 
air  tank  and  the  engine)  to  open,  admitting 
starting  air  <o  the  engine.  The  engine  then  turns 
over  on  air  until  firing,  begins.  As  the  engine 
speed  increases,  the  air  cutoff  goycHior ,  valve - 
closes  and  shuts  off  the  starting  air.  As  soon  as 
the  normal  operating  speedta  reached  and  the 
generator  develops  normal  voltage,  the  solenoid 
air  valve  also  closes  to  shut  of  if  the  starting  air 
supply.  (The  starting  air  tank  is  charged  from 
the  high-pressure  air  system,  through  a. reducing 
valve.  The  pressure  carried  in  the  starting  air 
tank  varies  from  300  to  600  psi,  depending  on 
the  installa^on.)  . 

To  start  the  engine  manually,  deenergize  the 
solenoid  valve.  If  the  ship's  supply  current  is  not 
broken,  you  must  open  the  switch  in  the- 
solenoid  circuit.  Tlxen  admit  starting  air  to  the 
engine  by  opening  the  valve  manually  with  the 
handwhe^  After  firing  .begins,  turn  the 
,  handwheel  to  close  the  valve  and  cut  off  the 
starting  air.  (The  handwheel  mist  be  turned  to 
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the  open  position  of  the  vahre  whenever  it  is 
desired  to  leave  the  generator  set  available  for 
emergency  service.) 

If  the  lubricating  oil  pressure  does  not  build 
up  immediately  after  the  engine  starts,  shut 
down  the  engine  and  determine  the  cause  of  the 
trouble.'  NEVER  operate  the  engine  without 
lubricating  oil  pressure.  At  regular  intervals, 
check  the  lube  dl  pressure,  fuel  pressure, 
cooling  water  temperature,  and  exhaust 
temperature,  (In  addition,  clean  the  fuel  oil  and 
lubricating  oil  filters  regularly.) 

To  SHUT  DOWN  or  STOP  the  engine,  hold 
the  fuel-control  lever  to  *lhe  STOP  position. 
After  the  lever  is  released,  it  automatically 
returns  to  the  running  position  to  permit  the 
engine  to  be  restarted. 


OPERATING  PRECAUTIONS 

Vou  must  observe  the  follojwing  operating 
precautions: 

1,  Do  NOT  operate  the  engine  without 
lubricating  oil  pressure;  t|;ii$  will  cause  serious 
damage. 

2.  Do^  NOT    operate    the   engine  in 
overloaded  or  unbalanced  condition.  Overload 
condition  pxx  one  or  more  cylinders  may  be 
indicated  /by    an    increase    in    the   exhaust  ^ 
temperature  or  by  smoky  exhaust. 

X  Do  NOT  operate  the  engine  with  an 
abnormal  water  outlet  temperature. 

4.  Do  NOT  operate  the  engine  after  an 
unusual  noise  develops;  the  noise  might  be  an 
indication  of  pending  trouble.  Investigate  the 
noise  and  correct  any  trouble,  particularly  if  it 
may  prove  harmful  to  the  engine, 

5.  If  there  is  danger  of  freezing  during| 
shutdown  periods,  driiin  all  water  jackets. 

6.  If  the  ovprspeed  device  trips  and  shuts 
down  the  engine,  investigate  4he  cause  of  the 
trguble  before  restarting  the  engine.  i 

7.  Make  certain  that  the  fittings  qf  the 
ventilation  system,  serving  the  compartment  in 
which  the  , engine  is,Jocat^d,  are  open,  (If  the 
diesel  engine  were  stane^Twhile  the  vent  system 


is  secured,  the  engine  would  expend  the  air  in 
the  compartment;  under  such  conditions  the 
engine  may  continue  to  operate  long  enougli  tQ 
suffocate  you.  This  applies  to  the  installations 
where  the  engine  does  not  have  a  direct  air 
supply  from  the  outside  to  the  intake  manifold.) 
THESE  PRECAUTIONS  ALSO  APPLY  TO 
EMERGENCY  DIESEL  FIRE  PUMPS. 


FACTORS  INFLUENCING 
CASUALTY  CONTROL 

Engineering  casualty  control  is  much 
broader  than  the  immediate  actions  taken  at  the 
time  of  the  casualty!  Engineering  casualty 
control  reaches  its  peak  efficiency  by  combining 
sound  design,  careful  inspection,  thorough  plant 
maintenance  (including  preventive 
maintenance),  and  effective  personnel 
organization  and  training.  CASUALTY 
PREVENTION  TS  THE  MOST  EFFECTIVE 
FORM  OF  CASUALTY  CONTROL- 


DESIGN  OF  CASUALTY  CONTROL 


Sound  design  influences  the  effectiveness  of 
casualty  control  in  two  ways:  (H  it  eliminates 
weaknesses  which  may  lead  to  material  failure, 
and  (2)  it  installs  alternate  or.standby  means  for 
supplying,  vital  services  in'  the  event  of  a  casualty^ 
to  the  primary  means.  Both  of  these  factors 
considered  in  the  design  of  naval  si 
Individual  plants  aboard  ship  are  equipped 
duplicate  vital  auxiliaries,  loop  systems,  and 
cross  connections.  Complete  propulsion  plants 
are  designed  to  operate  as  isolated  units 
(split-plant  design). 

CASUALTY  CONTROL 
COMMUNICATIONS 

Casualty  control  communication  is  vitally 
important"*  to  the  opferation  and  organization  of 
the  ship.  Without  adequate  and  proper  means  of 
communication  between  the  different  units, the 
whole  Organization  of  casualty  contix>l  will  fail 
in  its  primary  objective. 
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.  To  ensure,  that  sufficient  means  of 
communication  arc  available,  several  different 
systems  are  installed  aboard  shi|>.  The  normal 
means  of  communications  are  the  battle 
telephone  circuits  (sound-powered),  interstation 
2-Way  systems  (intercoms),  ship's  service 
telephorfes,  ship's  loudspeaker  (1-MC),  and  voice 
tubes.  Messengefs  are  used  in  some  situations 
when  the  above  methods  of  communication  are 
not  available  or  when  written  reports  are 
required. 

Transrtiission  of  correct  information 
regarding  a  casual ty  and  the  speed  with  which 
the  report  is  made  are  the  principal  values  of  any 
method  of  communication. 

'  Control  of  all  communication  circuits  must 
be,  established  -by  the  control  station.  The 
circuits  m,ust  never  be  allowed  to  get  out  of 
control  diiQ  to  "crossr  talk''  caused  by  more  than 
one  station.  Casualty  control  communication  , 
must  be  incorporated  into  casualty  control' 
training-  The  control  station  or  engineering 
control  must  be  promptly  notified  of  a  c^alty 
to  prevent  other  casualties  which  could  be  more  ' 
serious  than  the  original  casualty. 

INSPECTION  AND  MAINTENANCE 

■#  Inspection  and  maintenance  are  vital  to 
successful  casualty*  control;  they  minimize 
casualties  caused  by  material  failures. 
Continuous  and  detailed  inspection  procedures 
discover  partly  damaged  parts,  which  may  fail  at 
9  critical  tinie,  aii|i  also  eliminate  the  underlying 
conditions,  vyhich  lead  to  eatly  failure 
(nval  adjustment,  improper  lubrication, 
corrosion,  erosion,  and  other  causes  of 
machinery  damage).  You  must  pay  particular 
and  continuous  attention  to  the  following 
symptoms  of  malfunctioning: 

1 .  Unusual  noises 

2.  Vibrations 

3.  Abnormal  temperatures 

4.  Abnormal  pressures 

5-  Abnormal  operating  speeds 

You  must-  thoroughly  familiarize  yourself 
with  the  specific  temperatures,  pressures,  and 
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operating  speeds  of  equipment  required  for 
normal  operation,  so  that  you  will  detect  any 
departure  from  normal  operation. 

If  a  gage  or  other  instrilment  for  recording 
operating  conditions  of  machinery  giv^  an 
abnormal  reading,  you  must  fully  investigate  the 
cause.  The  installation  of  a  spare  instrument  or  a 
calibration  test  will  quickly  indicate  whether  the 
abnormal  reading  is  due  to  instmment  error. 
You  must  trace  any  other  cause  to  its  source. 

Because  of  the  safety  factor  commonly 
incorporated  in  pumj^  and  similar  equipment, 
considerable  loss  of  capacity  cafl  occur  before 
any  external  evidence  is  readily  apparent.  You 
sliould  be  suspicious  of  any  changes  "in  the 
operating  speeds  (those  normal  for  tlie  existing 
load)  of  pressure-governor-controlled 
equipment.  Variations  from  normal  pressures, 
lubricating  oil  temperatures,  and  system 
pressures  indicate  either  inefficient  ty>eration  or 
poor  condition  of  machinery. 

When,  a  material  failure  occurs  in  any  unit, 
promptly  inspect  all  similar  units  to  determine 
whether  there  is  any  danger  that  a  similar  failure 
might  occur.  Prompt  inspection  may  eluninat'e  a 
wave  of  repeated  casuaHies. 

Pay  strict  attention  to  the  proper  lubrication 
of  all  equipment,  including  frequent  inspection 
and  sampling  to  determine  that  tlie  correct 
quantity  of  the  proper  lubricant  is  in  the  unit.  It 
is  good  practice  to .  make  a  daily  check  of 
samples  of  lubricating  oil  in  all  auxiliaries.  Allow 
samples  to  stand  long  enou^i  for  any  water  td^ 
settle.  When  auxiliaries  have  been  idle  for  several 
hours,  particularly  overnight,  drain  a  sufficient 
sample  from  th.e  lowest  part  of  the  oil  sump  to 
remove  ail  settled  water.  Replenish  with  fresh  oil 
to  the  normal  level. 

To  detect  saltwater  in  the  oil,  draw  off  tlie 
settled  water  with  a  pipette  and  run  a  standard 
chloride  test.  To  obtain  a  sample  of  sufficient 
size  for  test  purposes,  add  distilled  water  to  the 
oil  sample,  shake  it  vigorously,  and  allow  the 
water  to  settle  before  draining  off  the  test 
sample.  Because  of  its  corrcsive  effects, 
saltwater  in  the  lubricating  oil  is  -  far  more 
dangerous  to  a  unit  than  an  equal  quantity  of 
freshwater.  Saltwater  i§  particulariy  harmful  in 
units  containii||  oil-lubricated  ball  bearings. 
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TRAINING 

Casualty  control  training  must  be  a 
continuous  step-by-step  procedure  with  constant 
r  refresher  drills.  Realistic  simulation  of  casualties 
requires  a^quate  preparation.  The  amount  of 
advance  preparation  required  is  not  always 
readily  apparent-  You  must  carefully  visualize 
the  full  consequences  of  any  error  that  could  be 
made  in  handling  simulated  casualties  which 
were  originally  intended  to  be,  o^  relatively 
minor  iiature.  There  must  be  a  complete  analysis 
and  all  participants  must  be  carefully  instructed 
before  simulation  of  major  casualties  and  battle 
^  damage.  A  new  crew  must  have  an  opportunity 
to  become  familiar  with  the  ship's  piping 
systems  and  equipment  before  simulation  of  any 
casualty  which  may  have  other  than  purely  local  ^ 
effects. 

In  the  preliminary  phases  of  trainipg,  a  "dry 
run''  is  useful  for  imparting  knowledge  ojf 
casualty  control  procedures  without  endangering 
the  ship's  equipmenti)y  too  realistic  simulation 
of  a  casualty.  Under  this  procedure,  a  casualty  is 
announced,  and  all  individuals  are  required  ^ 
report  as  though  action  were  taken  (an 
indication  must  be  made  that  the  action  is 
simulated).  Definite  corrective  actions  can  be 
taken,  and  with  careful  supervision  the  timing  of 
individual  actions  can  appear  to  be  very  realistic. 
Regardless  of  the  state  of  trailing,  such  dry  runs 
should,  always  be  held  before  actual  simulation 
of  any  ^involved  .casualty.  Similar  rehearsals 
should  be  held  before  simulation  of  relatively 
simple  casualties  whenever  an  appreciable 
.  proportion  of  personnel  involved  are  new  to  tlie 
ship  and,  particularly,  after  an  intermption 
(such  as  occasioned  by  periods  of  naval  shipyard 
overhauls)  of  regularly  conducted  casualty 
training. 

CORRECnON  AND  PREVENTION 
OF  CASUALTIES 

^  i 

"  Tlie  speed  with  which  corrective  action  is 
applied  to  an  engineering  casualty  i^  often  of 
paramount  importance.  This  is  particularly  true 
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in  dealing  with  casualties  which  affect  the 
propulsion  power,  steering,  and  electrical  power 
generation  and  distribution.  If  casualties  / 
associated  with  these  functions  are  allowed  to 
accumulate,  they  may  lead  to  serious  damage  to 
the  en^eering  inst^lation -damage  which  often 
cannot  be  repaired  without  lo^  of  the  ship^s 
operating  availability.  When  risk  of  possible 
permanent  damage  exists,  the  commanding 
officer  has  the  responsibility  of  deciding 
whetlier  to  continue  operation  of  equipment 
under  casualty  conditions;  such  action  can  be 
justified  only  when  the  risk  of  even  greater 
damage,  or  loss  of  the  ship,  may  be  incurred  by 
immediately'securing  the  affected  unit- 

To  reemphasize,  ,whenever  thefe  is  no 
probability  of  greater  risk,  the  proper  procedure 
is  to  secure  the  malfunctioning  unit  as  quickly  as  . 
possible  feven  tliough  considerable  disturbance  to 
the  ship's  operations  may  occur-  Although  speed 
in  controlling  a  casualty  is  essential,  action 
should  never  be  undertaken  without  accurate 
infonnation;  otherwise,  tlie  casualty  may  be 
mishandled,  and  irreparable  damage  and  possible 
loss  of  the  ship  may  result,  War  experience  has 
shown  that  the  cross-connecting  of  intact 
systetns  with  a  partly  damaged  one  must  be 
delayed  until  it  is  certain  that  such  action  will 
pot  jeopardize  the  intact  systems.  Speed  in 
handling  casualties  can  be  acliieved  only  by 
thorough  ^  knowledge  of  the  •equipment  and 
associated  systems  and  \by  thorough  and 
repeated  training  in  the  -  routine  required  to 
handle  specific  predictal)le  casualties.    - . 

PHASES  OF  CASUALTY  CONTROL 

,    The  handling  of  any  casualty  can  usually  be, 
divided  into  tliree  phases:  limitation  of  the 
effects  of  the  damage,  emergency  restoration, 
and  complete  repair- 

The  first  phase  is  concerned  with  immediate  ' 
control  of  a  casualty  to  prevent  further  damage 
to  the  unit  concerned  and  to  prevent  the 
casualty   from   spreading   througli  secondary 
efTects.  •  ' 

Tlie  second  phase  consists  of  restoring,  as  far, 
as    practicable,    the    services    which  wer? 
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intemipted  as  a  result  of  a  casualty.  I^or  many 
casualties,  the  completioi  of  this  phase 
eliminates  all  operational  handicaps,  except  for 
the*  temporary  loss  of  st^dby  units  which 
lessens  ability  to  withstand  further  failure.  If  no 
damage  to.  or  failure  of,  machinery  has  occured, 
this  phase  usually  completes  the  operation. 

The  third  phase  of  casualty  control  consists 
of  making  repairs  i^hich  will  completely  restore 
the  installation  to  its  original  condition. 

SPUT-PLANT  OPERATION 


In  ships  having  two  or  more  shafts,  a 
fundamental  principle  of  engineering  casualty 
control  is  split-plant  operation.  The  purpose  of 
'  split-plant  design  is  to  minimize  the  damage  that 
might  result  from  one  hit. 

Most  naval  ships  built  primarily  as  warships 
have  at  least  two  engineering  plants.  Tlie  larger 
combatant  slii{)s  have  four  individual  engineering 
plants. 

Split-plant  operation  means  dividing  tiie 
engines,  pumps,  and  other  machinei^  so  that 
two  or  more  engineering  plants  are  available, 
each  complete  in  itself.  Hach  main  engine 
installation  has  its  owt\  piping  systems  and  otlier 
auxiliaries.  Each  engineering  plant  operates  its 
own  propelleV  shaft.  If  one  engineering  plant 
were  put  put  of  action  by  explosion,  shellfire,  or 
flooding,  the  other  plant  could  continue  to  drive 
the  ship  ahead,  thougli  at  somewhat  reduced 
speed. 

Split-plant  operation  is  not  absolute 
insurance  against  dafnage  that  miglit  immobilize 
the  entire  engineering  plant,  but  it  does  reduce 
the  chances  of  such  a  casualty.  It"  prevents 
transmission  of  damage  ■"from  one  plant  to 
another  or  possible  .serious  effect  on  the 
operation  of  the  other  plant  or  plants.  It  is  the 
first  step  in,  the  PRi;VI;.NTION  of  major 
engineering  casualties. 

Tlie  fuel  oil  system  is  geiwrally  so  arranged 
that  fuel  oil  transfer  punips  can  take  suction 
from  any  fuel  oil  tank  in  the  ship,  and  oil  can  be 
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pumped  to  any  other  fuel  oil  tank.  -Fuel  oil 
service  pumps  supply  oil  ft-om  the  service  tanks 
to  the  main  engines.  In  split-plant  operations  the 
forward  fuel  oil  service  pumps  of  a  ship  are  lined 

with  the  fopvard  service  tanks,  and  the  after 
service  pumps  are  iintfd  up  with  the  after  service 
tanks.  The  CTOss-connection  valves  in  the  fuel  oil 
transfer  line  must  be  closed  except  when  oil  is 
^  being  transferred. 

Geared  diesel  propulsion  plants  are  designed 
for  split-plant  operation  only  ;  however,  some  of 
the  auxiliary  and  main  systems  may  be  run 
cross-connected  or  spUt.  Among  these  auxiliaries 
are  the  startinjg  air  systems,  cooling  water 
•  systems,  firemain  systems  and,  in  some  plants, 
the  fuel  and  lube  oil  systems. 

In  diesel-electric  instaHatjons  the  diesel 
elements  are  split,  but  generator  elements  can  be- 
run  split  or  cross-connected.  The  advantages  of 
this  type  of  installation  will  depend  on  operating 
procedures  as  ^ell  as  design. 


LOCKING  MAIN  SHAFT 


An  engineering  casualty  may  be  such  that 
rotation  of  the  mairi  shaft  will  cause  further 
damage.  The  main  shaft  should  be  locked  until 
necessary  repairs  can  be  made  since,  except  at 
very  low  speeds,  ma|||ment  of  the  ship  through 
tiie  water^ill  cause  the -shaft  to.  turn,  whether 
tJie  ship  isT)roceeding  by  its  own  power  or  being 
towed. 

For  locking  a  main  shaft,  there  are  no 
standard  procedures  applicable  to  all  types  of 
diesel-driven  sliips.  'For  ships^  that  have  main 
reduction  gears,  shaft  locking  by  means  of  the 
jacking  gear  is  permissible,  if  it  is  designed  for 
this  purpose  as  indicated  by  the  manufacturer's 
instructions  or  with-  NAVSEA  approval.  Some 
ships  have  brakes  that  are  used  for  holding  the 
shaft  stationary.  If  no  provision  has  been  made 
for  locking  the  main  shaft,  it  is  usually  possible 
to  arrange  a  jury  rig,  preferably  at  a  flanged 
coupling,  which  will  hold  the  shaft.  As  a 
precautionary  measure,  it  is  best  to  make  up 
jury  rigs  in  advance  of  an-actual  need  for  locking 
a  shaft.  On  diesel-electric  drive  sliips,  no  attempt 
should  be  made  to  hold  the  shaft  stationary  by 
e.-^rgizing  the  electrical  propulsion  circftiits. 
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OPERATINO.  PROCEDURES 
"  \  ^^^^  


EMjERGENCY  PROCEDURES 


Under  certain  circumstances  you  may 
receive  the  order  to  start  actional-  engines. 
Time  may  not  permit  following  normal  routine 
procedures;  you  may  need  to  use  emergency 
procedures.  Because  these  procedures  will  differ, 
,  depending  on  the  installation,  you^must  be 
fatniliar  with  the  procedures  established  for  your 
ship. 

The  emergency  procedures  are  available  in 
the^  Engineering  Casualty  Control  Manual  for 
your  ship.  Manuals  of  this  type  are  prepared  and 
issued  by  type  commanders.  Upon  receipt, 
manuals  are  modified  to  {it  tlie  individual 
installation.  It  is  the  responsibility  of  your  ship's 
Engineer  officer  to  establish  the  step-by-step 
procedures  and  the  necessary  chefcklists  which 
are  to  be  followed  when  routine  pit^ced^res  will 
require  too  much  time.  x 


ENGINEROOM  CASUAi^TIES 


Main  engine 


control 


must  keep  the  bridge 


infomjed  as 'to  the  nature  of  the  casualty,  the  ' 
ship*s  ability  to  answer  bells,  the  maximum 
speed  available,  and  the  probable  duration  of  tho. 
casualty. 

■  * 

DIESEL  ENGINE  CASUALTIES 

The  opei^tor's  duties  concerning  engineering 
casualties  and  their  control  will  depend  on  the 
type  QtJship,  which  may  be  anything  from  a 
patrol  boat  to  a  carrier.  The  operator  will  ( 
operate  engines  bf  various  sizes,  made  by  various 
manufactui^rs  and  intended  for  different  types 
of  services, 

.  Obtain  Retailed  information  on  diesel  engine 
casualty  control  procedures  from  the 
manufacturer's  instructions,  pertinent  type 
commander's  instmctions,  the  ship^s  Engineering 
Casualty  Control  Manual,  and  the  Engineering 
Operational  Casualty  Control  (EOCCl 

Safety  Precautions— General  > 


For  each  class  of  ship,  the  type  commander 
formulates  engineering  casualty  procedures 
which  apply  to  the  specific  type  of  engineering 
plant. 

In  the  event  of  a  casualty  to  a  component  of 
the  propulsion  plmit,  the  principal  objective  is  to 
prevent  additional  or  major  casualties.  Wliere 
practicable,  the  propulsion  plant  siiould  be  kept 
in  operation  by  means  of  standby .  pumps, 
auxiliary  machinery,  and  piping  systems.  The 
important  thing  is  to  prevent  minor  casualties 
from  t?e^K>ming  major  casualties,  even  if  it  means 
suspending  the  operation  pf  ^  the  propulsion 
plant.  It  is  better  to  stop  the  maiii  engines  for  a 
few  minutes  than  to  risk  putting  them 
completeiy  out  of  commission,  requiring  time 
J^T  major  repairs  to  place  them  back  into 
operatioiH 

When  a  casualty  occurs,  the  engineering 
officer  of  the  watch  and  the  petty^offjcer  of  the 
watch  must  be  notified  immediately.  Tlie  watc 
officer  notifies  the  OOD  and  engineer  oftWr 


In  addition  to  following  the  specific  safety 
precautions  listed  in  the  operating  instructions 
for  an  engine,  you  must  continuously  exercise 
good  judgment  and  common  sense  in  t;aking 
steps  to  prevent  damage  to  material  and  injury 
to  personnel. 

'  In  general,  you  can  help  to  prevent  damage 
to  machinery  by  operating  engines  according  to 
prescribed  instructions;  by  observing  all  rules  of 
cleanliness  when  handling  the  pa^ts  of  ari  engine 
during  maintenance  or  overhaul;  by  having  a 
thorough  knowledge  of  your'  duties;  and  by 
being  totally  familiar  ,  with  the  parts  and 
functions  of  tiie  m^phinery  you  are  operating  , 
and  maintaining.  Damage  to  a  launch  or  boat  ' 
may  be  prevented  by  maintaining  macliinery  so 
that  thf  engines  will  be  ready  fx^r  service  at  full 
power  in  the  event  of  an  emergency  and  by 
taking  steps  to  prevent  conditions  which  are 
likely  to  constitute  fire  or  explosion  hazards. 

Personnel  work  mc^.t  safely"  when  thoy 
.thosouglily  know  how  to  perform  their  duties, 
hONik  to  use  tiicji*  tools  and  machinesPi  how  to 
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take  riasonable  precautions  around  moving 
parts,  ind  >viien  they  are  consistently  careful 
and  thoughtful  in  performing  their  duties. 

Emergency  Starting  and  Securing 

There  may  be  times  when  an  engine  must  be 
started,  operated,  or  secured  under  emergency 
conditions.  Before  this  becomes  necessary, 
operating  personnel  should  learn  the  procedures 
in  the  ship's  Engineerin^Casuali^TTJon^^ 
Manml  It  is  also  wise  to  have  these  procedures 
posted  near  the  engine  operating  position  or 
otherwise  easily  accessible.  Operators  should  be 
drilled  in  casualty  control  proc^ures  at  regular 
intervals. 

There  is  a  definite  hazard  to  starting  a  diesel 
engine  under  emergency  conditions  in  that 
personnel  are  rushed  and  tend  to  be  careless. 
There  is  always  time  to  ensure  that  personnel  are 
clear  of  external  ftfbving  parts,  such  as  belt 
drives  and  shafts,  before  actuating  the  starting 
gear.  If  emergency  repairs  have  been  made,  be 
sure  that  all  tools  are  accounted  for  before 
closing  up  the  engine  and  that  all  essential  parts 
have  been  replaced  before  starting  the  engine. 
An  engine  can  be  started  and  run  briefly  if  it  has 
air  and  fuel,  and  if  the  starting  system  will 
operate.  It  will  ^run  much  longer  if  it  has 
lubrication  and  a  functional  cooling  system. 
With  the  exception  of  some  b*oat  engines  that 
can  be  started  by  towing  the  boat,^  there  is  no 
backup  foty  the  starting  system.  Usually, 
sufficient  spaKs  and  resources  are  available  to 
restore  any  casualty  to  the  starting  system,  but 
again,  if  the  repair  is  rushed,  the  danger  of 
careless  work  will  increase. 

In  an  emergency  an  engine  may  be  started 
by  lining  Up  the  fuel  system  and  actuating  the 
starter.  Before  this  js  done,  be  sure  jthat  there  is 
a  supply  of  air  ^  to  tlie  engine  and  engine 
compartment  and  that  the  lubricating  system 
will  operate.  After  starting,  establish  cooling 
water  flov^  and  review  all  the  normal  prestarting 
checks  as  quickly  as  possible. 

If  an  operating  engine  suffers  a  casualty,  the 
decision  of  whether  to  continue  operating  or  to 


secure  the  unitlmust  be  made  immediately.  The 
condition  of  th0  ship's  operation  is  an  important 
factor  in  tliis  cfecision.  In  some  instances,  when 
risk  of  possible  permanent  damage  exists,  the 
commanding  officer  has  responsibility  for 
deciding  whether  to  continue  operation  of 
equipment  under  casualty  conditions.  Such 
action  can  only  be  justified  when  the  risk  of 
gi^ater  damage,  or  loss  of  the  ship,  may  be 
incurred  by  securing  the  affected  unit.  Risk  to 
the  ship  is  present  in  actual  combat  situatidn^ 
severe  weather  conditions,  narrow  channels,  and 
potential  collision  situations  which  include 
close-formation  steaming. 

Engines  can  be  operated  witli  casualties  to 
vital  auxiliaries  if  the  function  of  the  auxiliary 
unit  can  be  produced  by  other  means.  For 
instance,  cooling  water  flow  can  be  reestablished 
from  a  firemain,  and  an  engine  can  operate  for 
some  time  with  saltwater  in  its  cooling  system  if 
it  is  well  rinsed  afterward. 

If  ^the  decision  is  made  to  secure  an  engine 
that  has  suffered  a  casualty,. the  general  mle  is  to 
stop  it  as  soon  as  possible.  In  the  case  of  a 
propulsion  engine,  it  will  usually  be  necessary  to 
stop  the  shaft  also.  This  may  require  slowing  the 
ship  until  the  shaft  is  stopped  and  locked  with 
the  turning  gear,  shaft  6 rake,  or  other  means. 

Engines  can  almost  always  be  stopped  by 
securing  the  flow  of  fuel.  Occasionally,  this  does 
not  work,  since  a  blower  seal  leak  or  similar 
source  permits  the  engine  to  rtim  on  its  own 
lubricating  oil.  If  the  engine  cannot  be  braked  to 
a  stop  or  stilled  by  increasing  the  load  on  it, 
some  means  must  be  found  to  stop  the  airflow 
to  it.  Discharging  a  CO^  extinguisher  into  the  air 
intake  is  effective,  or  the  air  intake  can  ^Se 
(iovered  by  some  means.  If  the  latter  is  done,  be 
sure  the  covering  will  not  be  sucked  into  the 
blower, xausing  an  additional  casualty. 


OPERATING  INSTRUCTIONS  AND 
^  SAFETY  PRECAUTIONS 

A  master  list  of  all  the  engineering 
department  operating  instructions  and  safety 
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precautions  is  kept  in  the  log  room.  When  a  ship 
is  commissioned,  the  building  yard  normally 
provides  a  master  copy  irt  addition  to  posting 
the  individual  operating  instructions  and  safety 
precautions  througJiout  the  engineering  spaces. 
If  any  of  the  posted  operating  instructions  and 
safety   precautions  are  damaged  or  lost/  a 


^duplicate  copy  can  be  readilymade  up  from  the 

i master  list. 

For  ships  in  commission  and  in  service, 
plastic  laminated  ^operating  instru^titins  and 
safety  precautions  are  availably  and  are  listed  in 
the  Na\>y  Stock  List  of  Forms  \md  Fiiblications, 
NAVSUP  Publication  2002. 


\ . 
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TROUBLESHOOTING 


The  procedures  for  troubleshooting 
internal-combustion  engines  are .  somewhat 
similar  for  both  diesel  and  gasoline  engines.  In 
many  instances,:  the  information  which  foUdws 
will  apply  to  both  types  of  engine.  However,  we 
shall  also 'discuss  principal  differences.  Since 
most  of  the  internal-combustion 'engines  used  by 
the  Navy  are  diesel,  we  shaU  deal  primarily  with 
•  this  type  of  engine. 

This  chapter  is  concerned  with  troubles  b*th 
in  starting  an  engine  and  "after  an  engine  is 
started.  The  troubles  we  shall  discuss  arc  chiefly 
the  kind  that  can  be  corrected  without  major 
.overhaul  or  repair  and  those  that  can  be 
identified  by  erratic  operation  of  the  engine,  or 
warnings  by  instruments,  or  inspecti,0n,of  the 
engine  parts  and  systems.  There  is  also  a  section 
devoted  to  those  systems'  of  the  gasoline  engine 
which  arc  basically  different  from  those  of  t^e 
diesel  engine. 

Keep  in  mind  that  the  troubles  listed  here 
are  general  and  may  or  may  not  apply  to  a 
particular  diesel  engine.  When  working  with  a 
specific  engine,  check  the  manufacturer's 
technical  manual  and  any  instructions  issued  by 
the  Naval  Sea  Systems  Command. 


THE  TROUBLESMOOTER 

Complete  failure  of  a  power  plant  at  a 
crucial  momfcnt  may  imperil  both  ship  and  crew. 
Even  comparatively  minor  engtfte-trawjjle,  if  not 
recognized  and  corrected  as  soon  as  p6^£sibk» 
may  develop  into  a  major  breakdown. 
Therefore,    you,    as    an    operator  of 


intemal'^xsmbustion  engines,  mus<  train  to  be  a 
successful  troubleshooter.  j 

t 

It  may  happen  that  an  engjneiwill  continue 
to  operate  even  when  a  seriou^  casualty  is 
imminent.  However,  if  troubles  ate  impending, 
sympto.ms  aregusually  present.  Your  success  as  a 
troubleshooter  depends  partially  urion  ability  to 
reco^ize  tKe^  symptoms  when  |they  occur. 
You  will  use  mc^t  of  your  senses  to  detect 
trouble  symptoms.'  You  may  see,  hear,  smell,  or 
feci  the  warning  of  trouble  to  come.  Of  course, 
common  sense  is  also  a  requisite.  Another  factor 
in  your  success  as  a  troubleshoote^/is  your 
ability  to  locate  the  trouble  after  onc/deciding 
something  is  wrong  with  the  equipir^nt.  Then 
you  must  be  able  to  determine  as  [rapidly  as 
possible  what  corrective  action  to  take.  In 
learning  to  recognize  and  locate  engine  troubles, 
experience  is  the  best  teacher.' 

Instruments  play  an  important  part  in . 
detecting  engine  troubles.  You  should  read  the " 
instruments  and  record  their  indications 
regularly.  If  the  recorded  indications  vary 
radically  from  those  specified  by  engine 
operating  instructions,  it  is  a  warning  that  the 
engine  is  not  operating  properly  and  that  some 
type  of  corrective  action  must  be  taken.  You 
must  be  famihar  with  the  specifications  in  the 
engine  operating  instructions,  especially  those 
pertaining  to  temt>eratures,  pressures,  and 
speeds.  Wh^n  instrument  indications  vary 
ccM^^derably  from  the  specified  values,  you 
should  know  the  probable  effect  on  the  engine. 
When  variations  occur  in  instrument  indications, 
before  taking  any  corrective  action,  you  should 
be.^ure  that  such  variations  are  not  the  fault  of 
the  instrument.  Instruments  should  be  checked 
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unmediately  when  they  are  suspected  of  being 
inai;curute. 


Periodic  inspectiohs  are  also  essential  in 
detecting  engine  troubles.  Such  inspections  will 
reveal  failure  of  visible  parts,  presence  of  smoke, 
or  leakage  of  oil,  fuel,  dx  water.- aeanliness  is 
probably  one^  of  the  greatest  aids  in  detecting 
leakage. 

When  an  engine  is  secured  because  of 
trouble,  the  procedure  for  repairing  the  c^ualty 
follows  an  established  pattern,  if  the  trouble  has 
been  diagnosed.  If  you  do  not  know  the  location 
of  the  trouble,  find  it.  To  inspect  every  part  qf 
an  engine  whenever  a  trouble  occurs  would  be 
an  almost  endless  task.  You  can  find  the  cause 
of  a  trouble  much  more  quickly  by  following  a 
systematic  and  logical  method  of  inspection. 
Generally  Speaking,  a  well-trained 
troubleshpoter  can  isolate  a  trouble  by 
identifying  it  with  one  of  the  engine  systems. 
Once  you  have  associated  the  trouble  with  a 
particular  system,  the  next  step  is  to  trace  out 
the  system  until  y<3fu  find  the  cause  of  the 
trouble.  Troubles  genefally  originate  in  only  ongN^ 
system,  but  remember  that  troubles  isT-iTne 
system  may  cause  damage  to  another  system  or 
\to  component  en^ne  -  parts.  When  /^casualty 
involves  more  than  one  system  of  me  engine, 
trace  each  system  i^parately  Atf^i^^ake 
corrections  as  necessary.  It  is  olmojis  thai  you 
must  know  the  construction,  ui^ction,  and 
of^eration  of  the  v^rious  systems  as  well  as  the 
parts  of  ea<;|s  system  for  a  specific  engine  before 
you  can  satisfactorily  locate  and  remedy 
troubles. 

Even  though  there  are  many  troubles  which 
may  affect  the  operaHon  of  a  diesel  engine, 
satisfactory  performance  depends  primarily  on 
sufficiently  high  compression  pressure  and 
injection  of  the  right  amount  of  fuel  at  the 
proper  time.  Proper  compression  depends 
basically  con  the  pistons,  piston  rings,  and  valve 
gear,  wjfiile  the  right  amount  of  fuel  obviously 
depenrfs  on  the  fuel  injectors  and  actuating 
mechil^^  Such  troubles  as  lack  of  engine 
powM,  unusual  or  erratic  operation,  and 
excessive  vibration  may  be  caused  by  either 
insinficit^nt  i:<$mpression  9r  faulty  injector 
actionr^-T  ^  ^ 

V  * 
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You  can  avoid  many  troubles  by  following 
the  prescribed  instmctions  for  starting  and 
operating  the  engine.  The  troubles  discussed  in 
the  following  sections  do  not  comprise  a 
complete  list,  nor  do  all  of  these  trouble 
necessarily  apply  to  all  diesel  engines  l^cause  of 
differences  in  design.  Specific  information  on 
troubleshooting  for  all  the  diesel  engines  used  by 
the  Navy  would  require  more  space  than  is 
available  here. 

Even  though  a  sui^^ssful  troubleshooter 
generally  associates  a  trouble  with  a  particular 
system  or  assembly,  the  troubles  we  aiscuss  will 
be  according  to  when  they  might  be 
encountered,  either  before^or  after  the  engine 
starts.  The  troubles  are  indicative  of  the  system 
to  which  they  apply.  Therefore,  further 
identification  is  unnecessary. 


ENGINE  FAILS  TO  START 


In  general,  the  troubles  that  prevent  an 
engine  from  starting  can  be  grouped  as  follows: 
( I )  the  engine  can  neither  be  cranked  nor  barred 
over,  (2)  ^e  engine  cannot  be,  cranked,  but  it 
can  be  barred  over,  and  (3)  the  engine  can  be 
cranked,  but  it  still  fails  to  start.  Figure  13-1 
illustrates  various  conditions  which  commoily 
cause  difficulties  in  cranking,  jacking  over,  or 
starting  the  engine.  '  ^  \ 

ENGINE  C^IOT  BE  CRANKED 
NOR  BARRED  OVER 


Most  prestarting  instructions  for  large 
engines  require  you  to  turn  the  crankshaft  one 
or  more  revolutions  before  applying  starting 
power.  If  the  crankshaft  cannot  be  turned  over, 
ch^ck  the  turning  gear  to  be  sure  thg^t  it  is, 
properly  engaged.  If  the  turning  gear  is  properly 
engaged  and  the  crankshaft;  still  fails  to  turn 
over,  check  to  see  whether  the  cylinder  test 
valves  or  indicator  valves  are  closed  and  afc 
holding  watp  or  oil  in  the  cylinder.  When  the 
turning  gear  operates  properly  and  the  cylinder 
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^  test  valves  are  open,  but  the  engine  nevertheless 
cannot  be  cranked  qr  barred  over,  the  source  of 
the  trouble  will  probably  be  of  a  much  more 
serious  nature.  A*  piston  or  other  part  may  be 
seized  or  a  bearing  may  be  fitting  too  ti^tly. 
Sometimes  you  may  need  to  remove  a  part  of  an 
assembly  to  remedy  the  difficulty.  1 

Some  engines  have  ports  through  wl^tth 
♦  pistons  can  be  inspected.  If  inspection  reveals 
that   the   piston   is   defective,"  remove  the 
assembly <   Figure   13-2  illustrates  testing  for 


stuck  piston  rings  through  the  scavenging-air 
port.  I- 

If  the  condition  of  an  engine  without 
cylinder  ports  indicates  that  a  piston  inspection 
i?  required,  you  must  take  the  whole  assembly 
out  of  the  cylinder. 

Engine  bearings  must  be  carefully  fitted  or 
installed  according  to  the  manufacturer's 
instructions.  When  an  engine  cannot  be  jacked 
over  because  of  an  improperly  fitted  bearing, 
someone  probably  failed  to  follow  instructions 
when  the  unit  was  being  reassembled. 
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Figurt  13'Z-Ch#cldi^  th«  condition  of  th«  pteton  rings. 


ENGINE  CANNOT  BE^CRANKED 
BUTCANBEBARp^ 

You  ;^tm  trace  most  of  the  troubles  that 
prevent  an  engine  from  t^rankiiig,  but  not  serious 
enough  to  prevent  barring  oyer,  to  the  starting 
system  although  other  factors  may  prevent  an 
engine  from  cranking.  Only  troubles  related  to 
starting  systems  are  identified  in  this  chapter. 

If  an  engine  fails  to  crank  \«?hen  you  apply 
starting  po  wer,  first  check  the  turning  or  jacldng 
gear  to  be  sure  that  it  is  disengaged.  If  this  gear 
is  not  the  source  of  trouble,  then  the  trouble  is 
probably  with  the  starting  system. 

AIR  STARTING 

SYSTEM  MALFUNCTIONS 

Although  the  design  of  air  stiirting  systems 
'may  vary,  the  function  remains  the  same.  In 
general,  suph  systems  must  have  a  source  of  air 
such  as  the  compressor  or  the  ship's  air  system;  a 
storage  tank;  air  flask(s);  an  air  timing 
mechanism;  ancLa  valve  in  the  engine  cylinder  to 
admit  the  air  during  starting  and  to  seal  the 
cylinder  while  the  engine  is  running. 


Defect  In  Tlmiag  Mechanirai 

AU  air  starting  systems  have  a  unit « which 
admits  starting  air  to  the  proper  cylinder  at  the 
proper  time.  The  type  of  unit  as  well  as  its 
name-tiifter,  distributor,  air  starting  pilot  valve, 
air  starting  distributor,  or  air  distributor-may 
vary  from  exit  system  to  another*  The  types  of 
air  timing  med^usms  are  the  direct  m^hanical 
lift,  the  rotary  distributor,  and  the  plunger  type 
distributor  valve.  The  timing  mechanic  of  an 
air  starting  system  is  relatively  trouble  free 
except  as  noted  in  the  following  situations. 

DIRECT  -MECHANICAL  LIFT.-The 
operation  of  the  direct  m^hanical  lift  air  timing 
mechanism  involves  the  use  of  cams,  pusH  rods, 
and  rocker  arms.  The  parts  in  the  mechanism  are 
subject  to  failure  ^ilar  to  that  occurring  in 
corresfwnding  midor  engine  parts.  ^Therefore, 
you  can  find  the  causes  of  trouble  in  the 
actuating  gear  and  the  necessary  maintenance' 
procedures  under  information  covering'' simflar 
parts  of  the  m^jor  engine  systems. 

Most  trouble  are  a  r^ult  of  improper 
adjustment.  Generally,  this  involves  the  lift  of 
the  star^g  air  cam  or  the  timing  of  the  air 
starting  valve.  The  starting  air  cam  must  lift  the 
air  starting  valve  enough  to  give  a  proper 
clearance  between  the  cam  and  cam  valve 
follower  when  the  engine  is  running-  If  there  is 
not  enough  clearance  between  the^  two  parts, 
hot  gases  will  flow  between  the  valve  and  the 
vah^e  seat,  causing  excessive  heating  of  the  parts. 
Since  the  starting  air  cam  regulates  the  opening 
of  the  air  starting  valve,  check  those  with 
adjustable  cam  lobes  frequently  to  ensure  that 
the  adjusting  screws  are  tight.  ■ 

% 

Obtain  /the  propel  values  for  lift,  tappet 
clearance,  and  tithe  of  valve  opening  for  a  direct 
mech^cal  lift  timing  mechanism  from  the 
manufacturer's  technical  manual  for  the 
.  particular  'Chgine.  Make  adjustments  only  aS 
specified. 


JC 


\ 


ROTARY  DISTRIBUTOR:-'^e  rotary 
distributor  timing  mechanisia  requires  a 
minimum  of  maintenance,  but  ,  there  may  be 
times  when  the  unit  will  become  inoperative  and 
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'  "  -  yoii  win  need  to  disas^mble  and  inspect  it. 
GeneraUy,  th?  difficulty  is  caused  by  a  scored 
rotor,  a  ^r^P  spring,  or  improper  timing. 

Since  $^^|p  partictes  in  th^  air  can  cause 
.  Scoring,  orall^5tor,  whjch  resuM  in'  excessive 
.air  leakaige,  you  must  keep  the  air  supply  as 
'  • '  cleaK  as  possible^  Another  cause  of  scoring  is 

>  .Jack  of  lubrication.  Jfthe  rotor  in  a  hand-oiled 

system  « becomes  scored  because  of  insufficient 
lubrication,  the  equipment  coiild  be  at  fatUt,  or 
^    iubricatioo  ^^tructions  may  not  have  been 
followed;    In    either   a    h^d-oiled    or  a 
^.  ,  pressure^lubricated  systenL  check.the  piping  and 
A  '  tl^e  passages  to  see  that  they  are  open.  When  , 

■  scoring  is  not  too  serious,  lap  the  rotor  and-bddy 
•together.  Vst  a  ihin  coat  of  pmissian  blue  to 

determine  .whether  the   rotor  contacts  the 
distributor 6bc^^        .        •  -  ** 

A  drok^'^ring-  mSy  be  the  cause  of  an 
inoperative^'timiriit  mecha-nlw  it'  a  coil  spring  is 
_    used  to  maintain  the  rotor  seal.  If  the  spring  is 
,  broken,  replace  it  to  ensure  an  effective  seal." 

An  improperly  timed  rota©'  distributor  will 
^prevent  aii  Engine'  from  cranking,  Check  the 
timing  bj^  information  given  in-lhe  instructions 
for  the  specific  endne. 
•     ■  * 

-  PX^UNGER  TYJ>E  DISTRIBUTOR 
'■     VALVfe.-!n  a  plunger  type  dist|ibutor  valve 

timing  mechanism,  .the  valve  requires  little ' 
.   '  attention;  however,  it  may  stick ''o:ccasionaIly 

and  Vprevent.  proper  functioning  of  tlie  m 
^starting  system.  Oir  some  engine  installations, 
'the  pilot  air  vafve  a{  the  distributor  may  not 

open.  whil&  on  other  installations  this  valye  may 

-  not  close.  Tlie .  trouble  may  be  caiised  by  dirt 
,'llil^d  gu'm  deposits,- bfoken  reium  springs,  or  lack 
^Pft"  lybricatiori.  Deposits'  and  lack  oflubrication 

^  *  ;wiil, cause  the*  unit  valve  plungers  to  biiid  and 

>  ■  stick  in  tlie  guides,  while  a  broken  tiilve  return 

■  spring  pfevents  the  plunget  from  following  .the  ' 
'^Im  profile.  Disa^tjj^ble'and  thoroughly  clean  a 

^  distributor  valvejfci|' sticks;  replace  my  bpken 
■  *  i  springs.  . 


Fa! 


iljg  Valves 


Air^starting  valves  admit  st-arting  air  into  the 
'^'-^^  .gngine  cylinder  and  then  seal  t^e  cylinder  wii^e 


the  engine  is  running.  These  valves  may  be 
preSsure-actuate^r  mechanical  lift  type. 

PRESSURE-ACTUATED  VALVES.-In'  a 
pressure-actuated  valve,  the  princi|^  trouble 
encountered  is  sticking.  TKc  valve  may  stick 
opeii  for  a  number  of  reasons.  ^  gumtny  or 
resinous  deposit  may  cause  tlie  upper  and  lower 
pistons  to  stick  to  the  cylinders.  (Tliis  deposit  is 
forgied  by  the  oil  and  condensate  which  may 
carried  into  the  actuating  cylinders  and  lower 
cylind€?rs.  Oil  is  necessary  in  the  cylinders  to 
.pfovide  lubrication  anii  to  act  aS' a  seal;  however, 
moisture  should  be  eliminated,)  You  can  prevent 
this  resinofiis  deposit  from  forming  by  draining 

^  the  system  storage  tanks  and  waiter  traps  as 
specified  in  the  operating  instruction.  The 
deposit  on  the  lower  pi^tpn  may  be  greater  than 
that  in  the  actuating  cylinder  b^ause  of  the 
heat  .and  j;.QmlHistiQn.-fiases  ..wM  .to  the. 
formatidn  if  the  valve  remains  open.  When  the 
upper  piston  is  the  source  of  trouble^  you  can 
usually  relieve  the  sti^jkiilg,  without 'removing 
the  Valve,  by  using  light  oil  qr  diescl  fuel -and 
woridng  th^  valve  up  and  down.  When  using  this 

> method,  *be  sure  that  the  valve  surfaces  not 
burned  or  defoimed.  If  this  method  dbc^  not 
relieve  tlie  sticking  condition,  you  will  need  to 
*  remove,  disassemble,  and  ilean  tihe|alve, 

^  Pressure-Qctuated  starting  vailves  sometimes 
fail  to  operate  'because  of  broken  or  weak  valve 
^  return  spring^.  Replacement  is  generally  the  only 
solution  to  this  condition;  however,  sohie  valves 
are  <:Qnstructed  with  a  means  of  adjustiag  spring 
tension.  In  such  valves,  increasing  the  spring 
tension  may  eliminate  the  trouble. 

Occasionally  'the  actuating  pressure  of  a 
valve  will '  ^pt  release,  and  the  valve  will  stick 
open  or  be  ^  sluggish  in  closing,  ^  The  cause  is 
usually    clogged    or   restricted   air  passages. ' 

^:Cembustion  gases  will  enter  the  air  passageways, 
burning  the  valve  surfaces;  these  burned  surfaces 
Usually  must  be  reconditioned  before 'the^  \Vill 
maintain  a  tight  seal,  "Keeping  the. air  passages 
open  will  eliminate  extra  maintenance  work  or 

^  the  valve  surfaces.  ^ 

MECHANICAL  'LIFT  VALVES.-The^ 
mechanical  tift  type  air  startling  valve  is  subject 
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to  leaJfage  which,  in  general,iis  caused  when  the 
valve  sticks  open.  Any  air  starting  valve  that 
sticks  pr  leaks  creates^  a  condition  which  makes 
an  engine  harti  to  start  if  the  leakage  itt  the  air 

•  starting  valve. is ixcet&ive,  the  re^^Fting  loss  in 
pressure  .may  be  suf^dant  to  pi«K*1nt  starting. 
'      »  ,  • 
Leakage  in  this  typr  valve  can  be  caused'  by 
an  overtightened  packing  nut.  The  packing  nut  ii 

.  sometimes  overtightened  to  stop  minor  leak« 
aroundUhe  valve  stem  when  starting  pressure  is 
applied,  but  it  may  prevent  seating  of  the  air 

^alve.  As  in  the  pressure-actuated  valve,  there 
may  npt  be  eriqugh  return  spring  tendon  to 
return  the  valve  to  the  valve  seat  after  admitting 
the  air  charge.  If  this  occurs,  gases  from  the 
cylinder ^will  leak  into  the  valve  while  the  engine 
is  running.  ^  ,  .\ 

ptetiTictiM^  particles  of  carbon 

between  the  valve  and  valve  seat  will  hold  the 
valve  open,  permitting  combustion  gases  to  pass. 
A  valve  skm  bent  by  carelesS  handling  during 
installation  ^ay  also  prevent,  a  valve  from 
closing  properly.  \^ 

If  \  valve,  hangs  open  for  any  of  these 
reasons,  hot  combustion  gases  .will  leak  past  the 
yalvc  and  valve  seat.  ^The  gases  bum  the  valve  . 
and  seat  and  inay  cause  a  le^ik  be twecSi  these 
two  surfaces  even  thougl)  ti^  original  cabases  of 
the  sticking  are  eliminated. 

Completely  disassemble  and  inspect  a 
leaking  vaJve.  It  is  subject  to  a  resinous  deposit 
similar  to  that  foUnd  in  a  pressure-actuated  air 
valve.  Use  a  specified  iclean^g  compound  to 
remove  the  deposit.  Be  siurp  the  valve  stem  is  not 
bent.  Ch^ck  thej,  valve'  a^.-vaive  seat  surfaces 
carefully.  Elimin^ite  ^coring  or  discoloration  by 
lapping  with  a  fme  lai)ping  cornpoundV  You  may 
use  jewelers'  rouge  or  talcum  powder  with  fuel 
oil  for  lapping* 

From  the  preceding  discussion,  you  have 
Ifeamed  that  the  air  starting  system  may  be  the 
source  of.  many  troubles  that  ' will  prevent  aft 
engine  from  cranking  even  though  i^  can  be 
barred  'over.  You  will  avoid  a  few  of  these 
troubles,  by  fdllowing  prestarting  and  starting 
--'instructions.  One  such  instruction,,  sometimes 


overlooked, 'is  that  of  opening  the  valve  in  the 
air  line.  Obviously,  with  this  valve  dosed  the 
engine  Will  not  crank.  Recheck  the  instructions 
for  such  oversights  as  a  closed  valve,  an  empty.' 
air.  storage  receiver,-  or  an  engaged  jacking  gear 
before  starting  any  disassembly. 


ELECTRIC  START  MALFUNCTIONS. 


Electric  starting  system 
into  the  following  categories: 


malfunctions  tall 


1 .  Nothing  happens  when  the  starter  switch 
/'    is  closed.  *  ' 

2.  Sorter  motor  runs  but  does^oidt  engage 
t fie  engine.  \ 

3.  Starter  mojtor  engages  but  cannot  turn 
^e  engine.-  '  *  ^  * 

'  If  nothing  happens  whert  you  close  the 
starter  switch,  there  is  a  failure  in  the  electrical 
system.  -The  failure  could  be  an  open  "circuit 
caused  -by  vbroken  connections'  or  bunttyi  out 
component's.  Test  the  circuit  continuity  to 
ensure' that  the  relay  closes  and  thut  the  battery 
provides  sufficient  voltage  and  current  to  ;lne 
starter  circuit.  If  the  (JircUit  is  complete,  there 
may  ^  resistance  •  througli  faulty  battery 
cpnnejtions.  Considejrable  current  is  needed  to 
opera fe  the  solenoid  find  starter  motor. 


r 


If  the- starter  runs  free  pf  engagdnient,  it  will 
produce  a  distinctive  hum  or  whine.  Tlie  lack  of 
engagement  is  usually  caused  by  dirt  or 
corrosion  which  prevents  ppoper  operation  .of 
the  ^solenoid  or  Bendix  gears,    -  • ' 

If  the  starter  motor  engages  the  flywheel 
*ririg  gear  but  is  not  able  to  turn  the  engine  or 
cannot  turn  it  quickly  enough  to  obtain  starting 
speed,  the  cause  miywbe  lacK  of  battery  power, 
or  more  likely,  a  mechanical  problem.  If  the 
engine  can  be  •  barred  over,  there  is  excessive 
friction  in  the  meshing  of  the  starter  pinion  and 
the  ring  gear.  Either  the*  teeth  are  burred,  or  the 
starter  pinion  is  out  of  alignment.  Either  case 
would  have  %een  p/feceded  by  noise  the  last,  time 
the  starter  w^  used.  A  major  repair  may  be 
necessary.  *  ^ 
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Other  problems  and  malfunctions^  of  electric 
-starting  systems  are  discus^d  in  association  with 
gasoline  engines  at  the  end  of  this  chapter. 


eVGINE  CLANKS  BUT 
FAIUTCXSTAR-t 


Even  WhfcaJk^  starting  equipment  is  in  an 
operating  condition,  an  engine  may  fail  to  start. 
A  majority  bf  the  possible  troubles  which 
prevent  an  engine  from  starting  are  associated 
with   fuel  and   the   fuel  system.  However, 
defective  or  inoperative  parts  or  assemblies  may 
-be  the  source  of  some  trouble.  Failure  to  follow 
"instructions  may  b6  the  cause  of  an  engine 
fiulin'g  to  start.  The  corrective  action  is  obvious 
Jor  such  itehis  as  leaving  the  fuel  tilrottle  in  the 
OF^  pc^tion  and  leaving  the  cylinder  indicator 
Afalves  open.  If  an  engine  fails,  to"  start,  follow 
4)rescrilwd  starting  instructions  and  recheck  the 
procedure.  <  >  „ 


Foreign  Matter  in 
the  Fuel  Oil  System. 


I 


In  the  operation  of  an  internal-combustion 
engine,  cleanliness  is  <5f  paramount  importance. 
This  is  especially  thie  in  the  handling  and  cafe  of 
diesel  fuel  oil.  Impuritiesiire  tlie  prime -source  of, 
fuel  ^  pump  and  injec^on  sy stern  troubles. 
Sediment  and  water  cause  wear,  gumming, 
'corrosion,  and  rust  in  a  fuel  system.  Even 
though  fuel  oil  is  genefali'y  de^vered  clean  frdm 
the  refinery,  handling  and  transferrmg  mcreise 
the*  diances  .that  /fuel  oil  will  become 
contaminated. 

Corrosion  often  leads  to  replacement  or  at 
least  to  repair  of  the  part.  You  must  continuaify 
take  steps  to  prevent  water  from  accumulating 
in  a  fuel  system,  not  only  to  eliminate  the  cause 
of  corrosion  but  also  to  ensure  proper 
combustion  i^the  cylinders.  Centsjfuge  all  fuel, 
and  draim  the  fuel  filter  cases  periodically  to 
prevent  excessive  cpllection  of  wrfter. " 

Water  in  fuel  will  caus^' irreparabie  damage 
to  (he  entire  fuel  system  in  a  shoij(vtime.  It 


,  corrodes  tlie  fuel  injection  pump,  where  close 
clearances    mmt    be   maintSined,   and  also 
corrodes  and  erodes  the  injection  nozzles.  The/ 
slightest'  corrosion  can  cause  a  'fuel  injection/ 
pump  to  hind,  and  seize  >yhichtif  not  corrected} 
^^Jllead  to  excessive  leakage.  Water  will  erode 
the  \s?rifices  of  injection  nozzles  until  they  will 
nnt  spray  the  fuel  properly,  thus  preventing 
proper.,   atomization.    When  *  the  occurs,- 
Incomplete   combustion   and  engine  knocks 

'fesult. 

Air  in  jthe  fuel  system  is  another  ppssjble 
trouble  which  may  prevent  an  engine  from 
starting.  Even  if  the  engine  will  start,  air  in  the 
fuel  system  will  cause  the  engine  to  miss  and- 
knock,  and  perhaps  to  stall. 

*• 

m 

When  an  engine  fails  to  operata^^  stalls, 
misfires,,  or  knocks,  th^Tf  may  be  air  in  the 
high-pressure  pumps  and  lin^s.  In  many  systems, 
thjP  expansion  and  compression  of  such  air  may 
Mke  place  even  .if  the  injection  valves  , do  ;iot 
open:  If  this  occurs,  the  pump  is  AIRBOUND. 
To  determine  if  there  is  air  in  a  fuel  system,  ' 
bleed  a  small  amount  9/  fuel  from  Iho,  top  of  the 
fuel  filter;  if  the  fuel  appears  quite  cloudy,  there 
are  probably  small  bubbles  of  dir  in  the-  fuel. 
Refer  'to  chapter  10  of  this  manual  for 
procedures  in  bleeding  air  from  the  fuel  systefti. 


Insufiii 


ident  Fuel  Supply 


.  An  insufficient  fuel  supply  may  result  from 
any  one  of  a  numbeV  of  defective  or  inoperative 
parts  in  the  system  .  Such  items  as  a^closed  inlet 
■  valve  in  the  fuel  piping  or  an  empty  supply  tank 
are  more  likely  fcJ-tse  the  fault  of  the  operator 
ihan  of  the  equipment.  Buf  an^mpty  tank  may 
be  cau^d  by  leakage,  either  m  the  lines  or  in  the 

LEAKAGE. -You  Can  ^  usually  trace  leakage 
in  the  low-pressure  lines! of  a  fuel  system. to 
cracks  in  the  piping;  usuaMy  these  cracl^s  occur 
on  threacjetl'  pipe  joints  \t  the  roof  of  the 
threads-  Such  breakage  is  caused  , by  the  inability 
off  the  nippies  antl^ipe  joints  to  withstand 
shbcl^,  vibration,  and  strains  resulting  from  the 
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relative  motion  between  smaller  pipes  and  the 
equipment  to  which  they  are  attached. 

Metal  fatigue  can  also  cause  breakage.  Each 
system  should  have  a  systematic  inspectipn  of 
the  installation  of  fittings  and  piping  to 
determine  if  all  .the  parts  are  satisfactorily 
SLipportcd  ^d  sufficiently  strong.  In  some 
mstanccs,  nipples  may  be  connected  to  relatively 
heavy  parts,  such^as  valves  and^  strainers,  which 
pre  free  to  vibrate.  Since  vibration  contributes 
materially  to  the  fatigue  of  nipples,  rigid  bracing 
should  be  installed.  When  practicable,  bracing 
should  ^e  secured  to  the  unit  it^nflf,  instead  of  to 
tile  hull  or  other  equipment. 

Breakage  can  also  cause  leakage  in  the  ' 
high-pressure   lines  of  a   fuel  system.  The 
breakage  usually  occurs  on  either  of  the  two  end 
fittings  of  a  line  and  is  caused  by  lack  of  proper, 
supports  ^or    by  \  excessive    nozzle  opening 
pres^re:  Supports  are  usually  supplied  with  an^ 
engine  and  should  not  be  discarded.  Excessiv^* 
Opening  pressure  of  a  nozzJe^generally  dlie  to 
improper  spring  adjustment  or  to  clogged  nozzle 
orifices-may   rupture   the  high-pressure  fuel 
lines.  A  faulty  nozzle  usually  requires  removal, 
inspection,  and  repair  plus  the  use  of  a  nozzle 
tester. 

Leakage  from  fuel  lines  may  also  be  caused 
by  hn proper  replacement  or  repairs.  When  a 
replacement  is  nec^sary,  always  use  a  line  of  the 
same  length  and  diameter  as  the  one  removed. 
Varying  the  length  and  diameter  of  a 
high-pressure  -fuel  line^  will  change  the  injection 
characteristics  of  the  injection  nozzle. 

In  an  emergency,  high-pressure  fuel  lines  can 
usually   be   satisfactorily    repaired   by  silver 
soldering  a  new  fitting- to  the  line.  After  making 
.a  silver  solder  repair,  test  the  line  for  leaks  and 
be  certain  no  restrictions  exist. 

Most  Ipakag^  trouble  occurs  [n  the  fuel  lines, 
but  leaks  may  occasionally  develop  in  the  fuel 
tank.  These  leaks  must  be  eliminated 
immediately  i>ecause  of  potejitial  fire  hazard. 

*   Tlie  principal  causes  of^uel  tank  leakage  are 
improper  welds  and  'metal  fatjgue.  Metal  fatiguq 
is  usually  the  result  of  inadequate  siipport  at  the 
source  of  trouble;  excessive  stresses  develop  in 
*  the  tank  and  cause  cracks.  > 


CLOGGED  FUEL  FILTERS.-^Another 
factor  that  can  limit  the  fuel  supply  to  such  an 
extent  that  an  engine  will  not  start  is  clogged 
fuel  filters.  As  spon  as  it  is  known  that  clogging 
exists,  the  filter  elements  «houM  be  replaced,  * 
Definite  mles  for  such  replacement  cannot  hje 
established  for  all  engines.  Instructions  generally 
state  that  elements  will  not  be  used  longer  than 
a  specified  time,  and  there  are  reasons  that  an 
element  may  not  function  properly  even  fbr  the 
specified  interval. 

Filter  eleipents  may  become  clogged  because  „ 
of  dirty;  fuel,'  too,  small  filter  capacity,  failur^o 
drain  the  filte^sump,  and  failure  to  use  we 
primary  strainer.  UsuallV,  clogging  is  ^Ij^dicated 
by  such  symptoms  as  stoppage  of  fu^Kjfiow,  ^ 
increase  in  pressure  drop  across  the  filter,  ^- 
increase  in  pressure  upstream  of  the  filter,  or 
excessive  accuinulation  of  dirt  on  theJiclement 
(observed  whdn  the  fdter  is  removed  for 
inspection).  Symptoms  o^  clogged  filters  vary  in 
diffei^nt  installations,  aniSl  each  installation 
should  be  studied  for  external  symptoms,  such 
as  abnormal  instrument  indications  and  Engine 
operation.  If  external  *  indications  are  not 
apparent,  visual  inspection  of  the  element  wiU 
be  necessary,  especially  if  it  is  known  or 
suspected  that  dirty  fuel  is  being  used. 

'Fu^l  filter  capacity  sliould  at  least  equal  fuel 
supply  pump  capacity.  A  filter  with  a  small 
capacity  clogs  hiore  rapidly  thanr  a  larger  one, 
because  the  space  available  for  dirt  accumulation  ■ 
is  rnore  limited.  Tliere  are  two  standardized  sizes 
of  fuel  filter  elements-large  and  smalL  The 
small  element  is  the  same  diameter  as  the  large 
but  is  onJy  one-half  as  long.  This  constmction 
permits  substitution  of  two  small  elements  for  i 
one  brge  element.  ^ 

You  jijban    increase  'the  interval  *of  ^time  . 
between  elei^knt  changes  by  using  the  drain 
cocks  on  a.  filter  sump-  Removal  of  dirt  through 
the  drain  cock  will -make. room  for  more  dirt  It; 
collect.'  ,  ^  ^ 

If  ni^  filter  elements  ar^  not  available  for 
replacement  and  the  engine  must Tje-^cjpera ted, 
you  can  wash  some  types -  of  totally  clogged 
elements  and  get  limited  additional  service.  This 
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procedure  is  for  emergencies  only.  An  engine 
must  never  be  operated  unless  aU^the  fuel  is 
filtered,  therefore,  a  'Vashed  filter"  is  better 
than  none  at  all. 

Fuel  must  never  flow  from  the  supply  tanks 
to  the  nozzles  without  passing  through^!  stages 
of  filtration.  Strainers,  as  the  priraaaStage  in 
the  fuel  filtration  system,  must  be  iJpt  in  good 
Condition  if  sufficient  fuel  is  to  flow  in  the. 
system.  Most  strainers  have  a  blade  mechanis^ 
which  can  be  turned  by  hand.  If  you  cannot 
readily  turn  the  scraper  by  hand,  disassemble 
and  clean  the  strainer.  This  minor  preventive 
maintenance  will  prevent  the  .scraping 
mechanism  from  breaking. 

TRANSFER  PUMPS.-If  the  supply  of  fuel 
oil  to  the  system  is  to  be  maintained  in  an  even 
and  uninterrupted  flow,  the  fuel  transfer  pumps 
must  be  functioning  pYoperiy.  These  pumps  may 
become  inoperative  or  defective  to  the  point 
that  they  fail  to  discharge  sufficient  fuel  for 
engine  starting.  Generally,  when  a  pump  fails  to 
operate,  some  parts  have,  to  be  replaced  or 
reconditioned.  For  some  types  of  pump,  it  is 
customary  to  replace  t)ie  entire  unit.  However, 
for  worn  packing  or  seals,  satisfactory  repairs 
may  be  made.  If  plunger-type  pumps  fail  to 
operate  because  the  valves  have  be'c'ome  dirty, 
submerge  and  clean  the  pump  in  a  bath  of  dieseJ 
oil. 

Repairs  of  fue!  transfer  pum||  should  be 
ma4k  in  accordance  with  maintenance  .manuals 
suf^^ied  by  the  individual  pump  manufacturers.- 

Malfunctioning  of  the  Injection  System 

The   fuel   injection   syste*   is  the  -mott 
intricate  of  the  systems. in  a  diesel  engine,  and 
the  troubles  which-  may  occur  depend  on  the 
,   system  in  use.  Since  the  function  qf  an  injection 
system  is  to  deliver  fuel  to  the  .cylinder  at  a  high 
•pressure,  at  th«  proper  time,  in  the  proper 
.'-•quantities,  'anjl  properly  atomized,  special  caie 
and  precautions '  must  be  taken  in-  making 
adjustiiients  and  repairs. 


pump 

ERIC. 


high'-pressure  pump" 

in   a  fuel  mjection 


-If  a  high-pressure 
system  ■  becomes 


inoperative,  an  engine  '  may  fail  to  start. 
Information  on  the  causes  and  remedies  for  an 
inoperative  pump  is  n^ore  than  can  be  given  in 
the  space  available  here,  Infonnation  on 
injection  systems  is  given  in  chapWr  10  of  this 
manual.  Any  ship  using  fuel  injection  equipment 
should  have  available  copies  of  the  applicable 
rfianufacfurer's  technical  manual. 

tIming  .-Regardless  of  tlie  installation  or 
the  type  of  fuel  injection  system  used,  the 
timing  of  the  injection  system  must  be  correct 
to  obtain  maximum  energy  from  the  fueL  Early 
or  late  injection  timing  may  prevent  an  engiqe 
from  starting.  Operation  wUl  be  uneven  and 
vibration  willjbe  greater  than  usual. 

If  fuel  enters  a  cylinder  too  early^ 
detonation  generally  occurs,  causing  the  gas 
pressure  to  rise  too  rapidly  before  the  piston 
reaches  top  dea^  center.  This  in  turn  causes  a 
loss  of  power  and  high  combustion  pressures. 
Low  exhaust  temperatures  may  be  an  mdication. 
that  fu^l  injection  is  too  early.  '  \ 

^  If  fuel  h  inje'cted  too  "^late  in  the  engyie 
cycle,  ^overheating",  lowered    firiiig  pressure, 
smoky  el^haust,  higli  e?^haust  temperatures,  or 
;-loss  of  power  may  occur,  r  ^ 

FdTlow,y-the  instruofions  in  the 
m^ufactwrer's4echnical  manual  to  correct  an 
improperly  time^d  injecti'on  system. 


Insufficient  Comi^ssion 


'4^ 


Proper  copipression  prepunesTTT^'eSential  if  a 
^diesel  engine  is  to  operate  satisfactorily. 
Insufficient  compression  may  cau§e  an  engine  to 
faif  to  start.  If  low  pressure  is  suspected  as  the 
reason,-  check  ?He  compression  with  the 
appropriate  i«strurlienl  If  /the  test  indicates 
pressures  below  standard,  disassembly  is 
required  for  complete  insp^tion  and  correction. 

Jnoperative  En^ne  Governor 

i        ■       '      ■  '  ' 

There  are  masiy  troubles  which  may  rer\der  a 
governor  inoperative,  but  those  encountered  in 
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starting  an  engine  aire  generally  caused  by  bound 
control  linkage  or,  if  the  governor  is  hydraulic, 
by  low  oil  level.  Whether  the  governor  is 
mechanical  or  hydraulic,  binding  of  linkage  is 
generally  due  to  distorted,  misaligned,  defective, 
or  dirty  parts^If  binding  is  Suspected,  move  the 
linkage  and  governor  parts  and  check  by  hand. 
Eliminate  any  undue  stiffness  or  sluggishness  in 
the  movement  of  the  linkage. 

Low  oil  level  in  hydraulic  governors  may  be 
caused  by  oil  leaking  from  the  governor  or 
failure  tymaintain  the  proper  oil  level.  Leakage 
of  oil  from  a  governor  can  generally  be  traced  to 
li  faulty  oil  seal  on  the  drive  shaft  or  power 
piston  rod,  or  to  a  poor  gasket  seal  between 
parts  of  the  governor  case. 

^  i 

Check  the  condition  of  the  oil  seals  if  oil 

must  be  added  too  frequently  to  governors  with 
independent  oil  supplies.  Depending  on  the 
point  of  leakage,  oil  seal  leakage  may  or  may  not 
be  visible  on  external  surfaces.  There  will  be  na  - 
external  sign  if  leakage  occurs  through  the  seal- 
around  the  drive  shaft,  while  leakage  through  the 
seal  around  the  power  piston  will  be  visible. 

Oil  seals  must  be  kept  clean  and  pliable 
therefore,  the , seals  must  be  properly  stored  so 
that  they  do  not  become  dry  and  brittle  or 
dirty.  The  repair  of  leaky  oil  seals  requires  a 
replacement.  You  .can,  prevent  some  of  the  , 
leakage  troubles  by  following  {proper  installation 
and  storage  instructions  for  oil  seals. 

Most  manufacturer's  technicafl  manuals 
supply  information  on^  the  governor  instaljed. 
Special  hydraulic  governor  maintenance  manuals 
made  available  by  .  the  ^"Naval  Sea  Systems- 
Command  are: 

Marquette  Governor  Manual  NayShips^  . 
341-5505.  ' 

Woodv^ard  Ginu^rnor  '  Manual,  NavSlfips, 

341-5017/  I  -    ,  ^  . 

Ino|^rativ|;Overspeed  Safety  Devices' 

^  ■         *  ^-^ 

Overspeed  safety  devices  are  designed  \o 
shut  off  fuel  o^  air  in  case  of  excessive  engineV 
sJpeed.  Tliese  device^s  must  ^e  maintained  Mn 


operable  condition  at  aU  times/  Inoperative 
overspeed  devices  may  cause  an  engine  not  to 
start.  They  may  be  inoperative  because  of 
improper  adjustment,  faulty  linkage,  a  broken 
spring,  or  the  overspeed  device  may  have  beeH 
accidentally  tripped  during  the  attempt  to  start 
'  the  engine.  The  overspe^  device  must  always  be 
put  in  an  operative  condition  before  the  engine 
is  operated.  ' 

If  the  overspend  device  fails  to  operate  when 
the  engine  overspeeds,  the  en^ne  may  be 
secured  by  manually  cutting  off  the  fuel  oil  or 
the  air  supply^  to  the  engine.  Mos^  engines  have 
special  devices  or  valves  to  cut  off  the  air  or  fugl 
in  ^  emergency. 

Insufficient  Cranking^peed. 

If  the  engine  cranks  slowly,  the  necessary 
compression  temperature  cannot  be  reached- 
Low  starting  air  pressure  may  be  the  ^urce  of 
such  trouble. 

Slow  cranking  speed  may  also  be  the  result 
of  an  increase  in  the  viscosity  of  the  lubricating^ 
oil.  This  trouble  occurs  during  periods  when  thfe 
air  temperature  is  lower  than  usual.  The  dil 
specified  for  use  during  normal  operatio;n  and 
temperature  is^.  not  generaljy  suitable  for  cold^ 
climat-e  operation,  .  ml 

IRREGULAR  ^NGINE  ^ERATION 

As  the 'engine  operator,  you  mu&t  constantly 
be  alert  tq  detect  any  -symptoms  v^hich 
might  indicate  'trouble,  Porewarui^g  is  often 
given  by  sudden  or  abnorrpal  cnanges  in  the 

.  supply,  the  tempe|atur%^.ot  thp  pressure  the^ 
lubricating  oil  or  tlje  coojing  water,  Color  and 
tenjperaturgs,  of  exhaust  afford  warning-  of 
abnormal  cqnd^^ions  and  you  shoQld  check  them 

'  frequently.  Fue^,  oil,  and  w^ter  leai;s  indicate 
possible  troubles.  Keep^th?  engine  clean  tojnake 
such  leaks  easier  to  spot. 

You  will  soon  become  accustomed  to  the 
"nonnar'  sounds  and  vibrations  of  a  properly 
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operating  engine.  If  you  arc  alert,  an  abnormal 
or  unexpected  change  in  the  pitch  or  tone  of  an 
engine's  noise  or  a  change  in  the  magnitude  or 
frequency  of  a  vibration  will  warn  you  that  all  is 
not  well  A  new  sound  such  as  a  knock,  a  drop 
in  the  fuel  iiyection  pressure,  or  a  misfiring 
cylinder  are  other  trouble  warnings  for  which 
you  should  be  constantly  alert  during  engine 
opeiiation.  * 

The  following  cjiscussion  on  possible 
froubles,  their  causes,  and  the  corrective  Action 
necessary,  is  general  rather  than  specific!  The 
information  is  based  on  instructions  for  some  of. ' 
the  engines  used  by  the  Navy  and  is  typical  of 
most.  A  few  troubles  listed  may  apply .'tb  only 
one  model.  For  .  specific  information  on  any  ^ 
particular  engine,  consult  the  manufacturer's 
.technical  manual. 


ENGKVE  STALLS  FREQUENTLY 
OR  STOPS  SUDDENLY 

We  discussed  earlier  several  of  the  troubles 
which  may  cause  an  engine  to  stall  or  stop.  Such 
troubles,  as  air  in  the  fuel  system,  clogged  fuel 
filters,  unsatisfactory  operation  of  fuel  ifyection 
equipment,  and  incorrect  governor  action  not 
only  cause  starting  failures  or  stalling  but  also 
-may  causp^ther  troubles  as  well.  For  example, 
cogged  fiftl  ojl  filters  and  strainers  may  lead  to 
ajbss  of  power,  to  misfires  or  erratic  firing,  or  to 
^low.  fuel  oil  pressure.  Unfort£nJ|ely,  a  single 
engine  trouble  does  not  always-manifest  itself  as 
a  single  difficuit^xbut^may  be  the  cause  of 
several  major  difficulties.  . 

* 

Factors  which  may  cause  an  ^gine  to  stall 
include  ^isfirih|,  low'  cooling  water 
temperature,  improper  application  of  .load, 
improper  timing,  obstruction  ioi^he  combustion 
space  or  in'^the  exhaust  system «  insufficient 
intake  air,  piston  seizure,  and'tjefective  auxiliary  * 
drive  /ftechaaisms.  -  ^ 

Misfiring  ^ 

^Jjhen  an  Engine  misfires  or  'fires  erratically 
or 'when  one  cylinder  misf)reS  regularly,  .the 


possible  troubles  are  usually  associated  with  the* 
fuel  or  fuel  system,  worn  parts,  ot  the  air  cleaner 
or  silencer.  In  determining  what  causes  a 
cylinder  to  misfire,  you  should  follow  prescribed 
procedures  in  the  appropriate  technical  manual 
Procedures  will  vary  i^mong  engines  because  of 
differences  in  the  desigh  of  parts  and  equipment. 

Many  of  the  troubles  caused  by  fuel 
contamination  require  overhaul  and  '  repair.  • 
However,  a  cylinder  may  misfire  regularly  in 
some'  systems  because  of  the  fuel  pump  cutout 
mechanism.  Some  fuel  pumps  have  this  type  of 
r^chanism  so  the  fuel  supply  can  be  ciit  off 
frem  a  cylinder  to  measure  compression 
pressures.  When  a  cylinder  is  misfiring,  check 
first  for  an  Engaged  cutout  mechanism  (if 
installed),  and  disengage  it  during  normal  engine 
operation.- 

LOSS  OF  COMPRESSION. -A  cylinder  may 
.misfire  due  to  loss  of  compression  which  may  be 
caused  bV  a  leaking  cylinder  head  gasket,  leaking 
or  sticking  cylinder  vab^es,  worn  pistons,  liners 
or  rings,  or.a  cracked  cylinder  head  or  block.  If 
loss  of  compression  pressure  causes  an  engine  to 
misfire,  cheek  the  compression  pressure  of  each 
cylinder.  Some  indicators  measujre  compression 
as  well  as  firing  pressure  while^he  engine  is 
running  at;  full  speed.  Others  check  only  the 
compression  pressures  with  the  engine  running 
at  a  relatively  slow  speed.  Figure  1 3-3  illustrates 
the  application  of.  some  different  types  of  . 
pressure  indiciitors.      '  * 

After  an  indicator  isVmstalled,  operate  the 
engine  at  the  specified  rpfn  and  record  the 
cyhnder  -compression  pressure.  Follow  this 
procedure  on  each  cylinder  in  turn.  The  pressure 
in  any  o-^i  cylinder  should  noi  be  lower  than  the 
specified'psi,  nor  .should  the  pressure  for  any 
one  cylinder ^  be  ^  excessively  lower  than  the 
pressures  in  the  oth^r  cylinders.  The  maximum 
pre,ssure  variation  permitted  between  cylinders  is 
given  on  engine  data  sheets  or'  in  the 
manufacturer's  technical  manual.  A  compression 
leak  is  indicated  when  the  .  pressure  in  one 
cylinder  is  considerably  lower  than  that  in  the 
other  cylinders.^  ,  .  j 

A. test  indicating  a  cojipression  leak  means 
some  disassembly,. inspection,  and  repair.  Check  ' 
the  vah^e  se^tsi^and  cylinder  head  gaskets  for  - 
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CLOGGED  AIR  CLEANERS  AND 
SILENCERS  -SometiiTies  an  engine  will  fire 
erratically  or  misfire  because  of  clogged  air 
cleaners  and  silencers.  Air  cleaners  must  be 
cleaned  at  specified  intervals,  as  recommended 
in  the  pngine  manufacturer's  technical  manuals. 
A  clogged  cleaner  reduces  the  intake  air,  thereby 
affecting  the  operation  of  the  engine.  Qogged 
.  air  cleaners  nfty  cause  not  only  misfiring  or 
'  erratic  firing  tut  also  such  difficulties  as^  hard 
starting,  loss  of  power,  engine  smoke,  and 
overheating. 

When  a  volatile  sohfcnt  is  used  fof  cleaning 
an  air  cleai^r  element,  the  element  MUST  be, 
dry  before  if  is  reinstaflled  'dn  the  engine. 
Volatile  solvents  are  excellent  cleaning  a^nts 
but,,. if  permitted  to  remain  in  the  filter,  may 
cause  engine  overspe^ing  or  a  serious  explosion. 

Oil  bath  type  aiy  cleaners  and  filters  cause 
very  little  trouble  if  serviced  properly.  Qeahinig 
directions  .are  usually  given  on  the  cleaner 
housing.  The  frequency  of  cle'aning  is  usually 
baad  on  a  specified  number  of  operating  hours, 
but  more  frequent  cleaningjS  may  be  necessary 
where  unfavorable  conditioils  exist.. 

'Whe«  filling  an  oiLbath  type  cleaner,  follow 
•the  manufacturer's,  instructions.  Most  air 
cleaners  of  this  type  have  a  FULL  mark  on  the 
oil  reservoir.  Filling  beyond  this  marie  does  not 
^  increase  the  efficiency  of  the  unit  and  may  lead 
to  serious  trouble.  When  the  oil  bath  is  too  full, 
the  intake  air  may  draw  oil  into  the  cylinders. 
This  ,  excess  oil-air  mixture,  over  which  there  is 
no  control,  may  cause  an  engine  to  "run  away," 
resulting  in  serious  d^age.  » 


Figor*    13-3.--Engin«''  cyHhdtr 
appiicatiofli. 


indkxtor 
f*T5.238X 


leaks,  anci  inspect  the  valve  stems  fftr  sticking.  A 
cylii^er  head  or  block  may  be  cracked.  If  these 
parts  are  not  fhe  source<of  trouble,  compression 
'is  probably  leaking -past  the  piston  because  of 
insufficient  sealing  of  the  piston  rings. 


Lo 


^Co^|ing  Water  Temperature 
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If,  an  engine  i^  to  operate  prof>erly,  the 
cooling  water  temperature  must  be  maintained 
within  specified  tempekture  -  Umits.,  When 
cooling  water  temperature  drops  lower  than 
f&<;omm ended  for  a  diesel  engine,  ignition  iag  is 
increased,  causing  detonation,**  which  results  in 
"rough"  -operatio'n^-and  nj^y  cause  an  engine  to 
stall: 

■r 
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The  thermostatic  valves  that  control  cooling 
water  temperature  operate  with  a  minimuni  of 
trout^.  Cooling  water  temperatures  above  or 
.  below  the  value  specified  in  the  technical 
manual  sometimes  indicate  an  inoperative 
thermostat.  However,  high  or  low  cooling  water 
temperature  does  not  always  indicate  thermostat 
trouble.  The  engine  load  may  be  insufficient  to 
maintain  proper  cooling  water  temperatures,  or 
the  temperature  gage  may  be  inaccurate*  or 
inoperative.  Check  these  items  before  removing 
a  thermostatic  control  unit.  > 

When  a  thermostat  is  suspected  of  faulty 
operation,  it  must  ,be  removed  from  the  engine 
^d  tested. 

A  thermostat  may  be  checked  as  follows: 

1.  A  container  which  does  not  block  or 
distort  vision  is  needed.  Fill  the  container  with 
water.  ^ 

12.  Heat  the  water  to  the  temperature  at 
which  the  thermostat  is  supposed  to  start 
.opening.  This  temperature  is  usually  specified  in 
the  appropriate  technical  manual.  Use  an 
accupt^thermgrneter  to  keep  a  check  oh  the 
watjf  teibperature.  Use  a  hot  plate  or  a  burner 
as  a  source  of  heat.  Stir  the  water  fretjuently  to 
ensure  uniform  distribution  of  the  heat. 

3.  Suspend  the  thermostat  in  such  a 
manner  that.operation  of  the  bellows  will  no<  be 
restricted..  A  wire  or  string  will  serve  as  a 
satisfactory  means  of  suspension. 

4.  Immerse  the  thermostat  and  observe  its 
action.  Checks  the  thennometer  readings 
carefully  to  see  whether  the  thermostat  begins 
to  open  at  the  recommended  temperafijre.  (The 
thermostat  and  .thermometer  must  NOT  touoli 
the  container.) 

^  5.   Increase  the  temperature  of  the  water 
until  the  specified  FULL  OfEN  temperature  is 
reached.    The    immersed  .  thermostatic  valve 
.  should  be  fully  open  at  this  temperature. 

The  thermostat  should  be  replaced  i?  there  is 
no  movement  when  it  is  tested,  ox  if  there  is  a 
divergence  of  more  than  a  specified' numbfer  of 
degte  between  the  temperature  a't  which  the 
thermostat  begins  to  open,  or^pens  fully,  and 
the  actuating  temperatures,  specified  in  the 
manufacturer's  technical  manual.  ' 
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The  Fulton-Sylphon  automatic  temperature 
regulator  is  relatively  trouble  free.  The  unit 
controls  temperatures  by  a  vah?e  that  bypasses 
some  water  around  the  cocSler.  This  system 
provides  a  full  flow  of  the  water  although  onl^> 
portion^may  be  cooled.  In  other  words,  the  full 
voJun|[5  °f  cooling  water  is  circulated  at  the 
proper  velocity,  which  eliminates  the  pofeibility 
oDiteam  pockets  in  the  system. 

Generally,  improper  adjustment  is  indicated 
when  the  automatic  temperature  regulator  fails ' 
to  maintain  cooling  water  at  the  proper 
temperature.  However,  the  element  of  the  vah^e 
may  be  leaking  or  some  part'of  the  valve  may  be 
defective.  Failure  t^r  follow  -  the  proper 
adjustment  procedure  is  the  only  caus^  -for 
im-proper  adjustment  of  .^n  automatic 
•  temperati^re  regulator.  Check  and  follow  the 
proper  procedure  in  the  manufacturer's 
technical  •  manual  issued  for  "  the  specific 
equipment.  ,  "  n 

The  adjustn^nt  is  ma'de^by  changing  the 
tension  of  the  spring  (which  opposes  the  action 
of  the  thermostatic  ^l^ws)  with  a  special  'tool 
that  turns  the  adjusting  stem  knob  or  wheel.' 
Increasing  the  spring  tension  raises  the 
temperature  range  of  the  regulator,  arid 
decjbsing  it  lowers  the  temperature  range. 

When  a  new  valve  >Df  this  type  is  placed  in 
service,  a  number  of  steps  must  be  taken  to 
ensure  that  the  valve  stem  is  the  proper  length 
and  that  all  scale  .pointers  make  accurate 
indications.  All  adjustments  should  be  made  in  ^ 
accordance  with  the  vah^e  manufacturer's 
technical  manual. 

Obstruction  in  the^  Combustion  Space 

Such  items  as  broken  vah^e  heads  and  valve 
*stem  locks,  or  keepers,  which  come  loose 
because  of  a  broken  valve  spring,  niay  cause  an 
engine  40  come  to  an  abrupt  stop.  If  an  engine 
continues  to  run  when  such  obstructions  are  in 
.  the  combustion  chamber,  the  piston,  Ihier,  head, 
and  injection  nozzle  will  be  severely  damaged. 

Obstruction  in  the  Exhaust  System 

This  type  of  trouble  seldom  occurs  if  proper 
installation  and  maintenance  procedures  are 
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followed.  Wken  a  part  of  an  engine  exhaust 
system  is  restricted,  there  will  be  an  increase  in 
the  exhaust  bac^\pressure.  This  may  cause  high 
exhaust  temperatures,  loss  of  power,  or.  even 
stalling.  An  obstruction  which  causi^  excessive 
back  pressure  m  an  exhaust'system  is  generally 
.associated  wiip,  the  silencer  or  muffler. 

The  manifolds  of  an  exhaust  system  are 
relatively  trouble  free  if  related  equipment  is 
designed  and  installed  properly.  Improper  design 
or  installation  may  cause  water  to  back  up  into 
the  exhaust  manifold.  In.  some  installations,  the 
design  of  the  silencer  may  cause  water  to  flow 
into  the  engine?  The  source  of  water  which  may 
enter  an  engine  must  be  found  and  eliminated. 
This  may  require  replacing  some  parts  of  the 
exhaust  system  with  components  of  an 
improved  design  or  may  require  relocating  such 
items  as  the  silencer  and  piping. 

Inspect  exhaust  manifolds^  for  water  or 
symptoms  of  water.  Accumplation  of  salt  or 
scale  in  the  manifold  usually  indicates  that  water 
has  been  entering  from  the  silencer. 
Turbochargers  on  some  engines  'have  been 
known  to  sc\i^  because  saltwater  entered  the 
exhaust  gas  turbine  from  the  silencer.  Entry  of 
water  into  an  engine  may  also  be  detected  by 
the  presence  of  dorrosfon  or  of  salt  deposits  on 
the  engine  exhaust  valves. 

If  inspection  reveals  ^igns  of  water  in  an 
engine  or  in  the  e^^haust  manifold,  take  steps 
immediately  to  correct  the  trouble.  Check  the 
unit  for  proper  installation.. Wet-type  silencers 
must  be  installed  wlth^Uie  proper  sizes  of  piping, 
if  the  inlet  water  pipin^^  too  large,  too  much 
water  may  be  injected  inth:;;lhQ^^ silencer.  There 
must  be  continuous-type  waier  drains  on  the 
silencer.  If  a  silencer  has  no  continuous  drain 
and  if  the  engine  is  at  a  lower  level  than  thp 
exhaust  outlet,  water  jnay  back  up  into  the 
engine. 


Dry-type  silencers  may  become  clogged  with 
an  excessivj:  accumulation , of  oil  or^^oot.  When 
this  occurs,  exhaust  back  pressure  increases, 
causing  troubles  such  as  higli  exhaust 
f  temperaturts,  Iqss  ^f  power,  or  possible  stalling. 
A  dryttype  silencer  clogged  with  oil  or  soot 'is 
also  subject  to  fire.  Clogging  can  usually  be 


detected  by  fire,  soot,  or  sparks  coming  from 
^the  exhaust  stack.  An  excessive  accumulation  of 
oil  or  soot  in  a  dry-type  silencer  may  be  due  io  a 
number  of  factors,  sufch  as  failure  to  drain  the 
silencer,  poor  condition  of  the  ermine,  or 
improper  engine  operating  conditions. 

Silencers  should  be  cleaned  of  oil  and  soot 
accumulations  at  necessary  intervals.  Even 
though  recommended  cleaning  periods  may  be 
specified,  conditions  of  operation  may  require 
more  frequent  inspections  and  cleaning.  For 
e^^^ple,  an  accumulation  of  soot  and  oil  is 
more  likely  to  occur  during  periods  o^f^olonged 
idling  than  when  the  engine  is  operating  under  a 
normal  load.  Idling  periods  Should  be  held  to  a 
minimum. 


Insufficient  Intake  Air 


Insufficient  ^intake  air,  which  may  cause  an 
engine  to  stall  or  stop,  may  be  due  to  blower 
failure  or  to  a  clogged  air  ^ilencer  or  air  filter.  ^ 
Even  though  all  other  engine  parts  function 
perfectly,  effident  engine  operation  is 
impossible  if  the  air  intake  system  fails  to  supply 
a  sufficient  quantity  of  air  for  complete 
combustion  of  the  fuel.  ♦ 

Troubles  that  may  preVent  a  centrifugal 
blower  from-  performing  its  function  usually 
involve  damage  to  the  rotoi"  shaft,  thrust 
bearings,  turbine  blading,  nozzle  ring^  or  blower 
impeller.  Damage  to  the  rotor  shaft  ^ml  thrust 
bearings  usually  ^  results  from  inefficient 
lubrication,  an  unbalanced  rotor,  or  operation 
with  excessive  exhaust  temperature. 

Centrifugal  blt)wer  lubrication  problems  may 
be  caused  by  failure  of  the  oil  pump  to  prime, 
low  lube  oil  level,  clogged  oil  passages  or  oil 
filter,  or  a  defective  relief  vWve  which  is 
designed  to  maintain  proper  lube  oil  pressure. 

If  an  unbalanced  rotor  is  the  cause  of  shaft 
or  bearing  trouble,  there  will  be  excessive 
vibration.  Ui^balancS  may  be  caused  by  a 
damaged  turbine  wheel  blading,  or  by  a  damaged 
blower  impeller. 
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Operating  •  a  blower  when  the  exhaust 
temperature  is  above  the  specified  maximum 
safe  temperature  generally  causes  severe  damage 
to  turbochargef  bearings  and  other  parts.  Make 
every  effort  to  find  and  elhninate  causes  of 
excessive  exhaust  temperature  before  the 
turbocharger  jis  damaged, 

Tijrbinc  blading  damage  in  g  centrifugal-type 
blower  may  be  caused  by  operating  with  an 
excessive  exhaust  temperature,  •  operating  at* 
excessive  speeds,  bearing  failures,  failure  to  drain 
the  turbine  casing,  the  entrance  of  foreign 
bodies  or,  by  turbine  blades  which  break  loose. 

Damage  to  an  impeller  of  a* centrifugal 
blower  may  be  caused  by  thrust  or  shaft  bearing 
failure,  entrance  of  foreign  bodies,  or  loosening' 
of  the  impeller  on  the  shaft. 

Since  blowenj  are  .  high-speed  units  '  and 
operate  with  a  very  -  small  clearance  between 
parts,  minor  damage  to  a  part  could  cause 
extensive  blower  damage  and  failure^ 

Although  there  is  considerable  difference  in 
principle  and  construction  between  the 
positive-displacement  blower  (Roots)  and  the 
axial-flow  positive-displacement  blower  ^ 
(Hamilton-Whitfield),  the  problems  of  operation 
and  maintenance  are  similar. 

Soin,e  o  f  t  h  e  troubles'  in  a 
positive-displacement  type  blqwer  are  similar  to 
those  a^eady  mentioned  in  Q,ur  discussiofi>of  the 
cei)trifi;^al-t^pe  hiower;s.  However,  the  source  of 
some  troubles  may  be  different  because  of 
coristfuction  differences. 

Positive-displacement  type  blowers  have  a 
set  of  gears  .to  drive  and  synchronize  the 
rotation  of  the  rotors.  Many  of  these  blowers  are 
driven  by  a  serrated  shaft.  Regardless  of 
construction  differences,  the.bagc  problem  in 
both  types  of  blowers  is  in  marmtaining  the 
necessary  small  clearances.  If  "these  clearances 
are  not  maintain*',  the  rotors  and  the  case  will 
be  damaged,  andihe  blower  ^ill  fail  to  perfonn 
its  function. 

Wprn  gears^  are  one  source  of  trouble  in 
positive-displacement  type  blowers.  A  certain  ' 


amount  of  gear  wear  is  expected,  but  damage 
caused  by  excessively  worn  gears  indicates 
improper  maintenance  procedures.  During 
inspections,  the  values  of  backlash*  should  be 
recorded  in  accordance  with  PMS,  This  record 
can  be  used. to  establish  the  rate  of  increase  in 
wear,  to  estimate  the  life  of  the  gears,  and  fo 
determine  when  it  will  be  necessary  to  replace 
.  the  gears.    »       .  •  ' 

Scored  rotor  lobes  and  casing  may  cause 
blower  failure.  Scoring  of  blower  parts  may  be 
caused  by  worn  gears,  improper  timing,  bearing 
failure,  improper  end  clearance,  or  by  foreign 
matter..  Any  of  these  troubles  may  be  -serious 
(fnoUgh  to  cause  contact  of  tht  rotors  and 
extensive  damage  to  the  blowers. 

Timing  of  blower  rotors  invokes  both  gear 
backlash  and  the  clearances  between  the  leadirig 
and  trailing  edges  of  the  rotor  lobes  and  between 
rotor  lobes  and  casing.  Qearance  .between  these 
parts  can  be  measured  with  thickness  gages,  as 
illustrated  in   figure   13-4.   If  clearances,  are 
incorrect,  check  the  backlash  of  the  drive  geat 
'    first.  If  the  backlash  is  excessive,  the  gears  must 
:r  be  replaced.  Then  the  rotors  must,  be  retimed  • 
*  aecoFding   to  -  th?   method   outlined   in  the 

manufacturer's  technical  manual. » 
^       Failure  ©f  serrated  blower  shafts  may  be  due . 
to  failure  to  inspect  the, parts  or  of  improper' 
replacement  of  parts.  When  inspecting  serrated 
shafts,  be  sure  that  they  fit  snugly  and  that  wear 
is  not  excessive.  When  serrations  of  either  the 
shaft  or  hub  have  failed  for  any  reason,  both 
parts  must  be  replaced. 

Piston  Seizurt 

Piston  seizure  may  cause  an  engine  to  stop 
suddenly.  The  piston  becomes  gftiled  and 
scuffed.  Wlien  this  occurs,  the  piston  may 
possibly  break  or  extensive  damage  may  be  done 
to  other  major  engine  parts. -The  principal^ caqses 
"of.  piston  seizure  are  insufficient  clearance, 
excessive  te;nperatu  re^,  or  inadequate 
lubrication. 


Defective  Auxiliary  Drive  Mechanisms 

Defects  in  auxiliary  drive  mechanisms  may 
cause  an  engine  to  stop  suddenly.  Since  rpost^ 
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troubfiS^in  gear  trains  or  chain  drivos.  require 
some*^isassembly,  we  shall  limit  our  discussio?r 
to  only  the  causes  of  such  troubles, 

dear  failure  is  the  principal  trouble  in  gear 
trains.  Engine  failure  and  extensive  dq^rtiage  can 
occur  because  of  a  broken  or  chipped  gear.  If 
you  hear  a  metallic  c^icJdng  noise  in  the  vicfnity  , 
of  a  gear  housing,  it  is  almost  a  certain 
indicaticft  that  a  gear  tcioth  has  broken. 

Gears        most  likely  to  fail  because  of 
improper  lubrication,  corrosion,  ^misalignment, 
torsional  vibration,  texcessive  backlash,  wiped^ 
bearings  and  bushings,  m^tal  obstfuctions,  or 
improper  manufacturing  procedures.  \ 

Gear  shafts,  bushings  and  bearings,  and  geai^ 
teefh    must    be    checked    during  periodic 


inspections  for  scoring,  wear,  and  pitting.  All  oil 
passages,  jets,  and  sprays  should  be  clcjaned  to. 
ensure  proper  oil  flow,  >^  gear-Iockingi  devices 
must  *  fit  tightly  to  prevent '^  longitudi]^al  gear 
^movement.  ,     ,  1  •  ^ 

Chains  are  used  in  some  engiries  foi'  cai  ishaft 
and  auxiliary  drives;  in  other  engines,  cha  ns  arjp 
'used  to  drive  certain  auxiliary  rotating '  partf* 
Troubles  in  chain^drives  are  usually  caused  by 
wear  or  breakage, troubles  of  this  nature  may 
be  caused^  by  improper  t^Ssion,  lack  of 
lubricatiQ,n,  '  sheared  cotter  pins,  or 
misalignment,  ^  '         \  \, 

^  Figure  13-5  is  a  summary  of  tfie  possible 
troubles  which  may  cause  an  engine  to  stall 
frequently  or  stop  suddenly.  There  may  be  some 
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iRBEGULAR  ENGINE  OPERATION 
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doutiMts  to  the  difference  between  stalling  and 
stoppi^  In/' reality;  there  is^none  unless  we 
iSKsbciate  certain  trolifcles  with  each.  In  general, 
troubles  which  caus#?REQUENT  STALLING 
arc  thc^e  that  can  be  eliminated  with  minor 
adjustments  or  maintenance.  If  s^uch  troubles  are 
'not  eliminated,  it  is  quite:  possible  that  the 
, engine  can  be  started,  only  to  stall  again.  Failure 
to~  eliminate  some  of  the  troubles  that  cause 
frequent  stalling  may  lead  to  troubles  that  cause 
SUDETeN  STOPPING.  ^ 


ENGINE.WILL  NOT 
CARRY  imD 


Many  of  the  troubles  that  can  lead  to  loss  of 
power  in  ari  engine  may  also  cause  the  engine  tOy 
stop  and  stall  suddenly  or  piay  even  pr^ent.it  * 
from  starting.  Compare  the  list  of  some  of  the 
troubles  thiat  may  cause  a  power  los^  in  the 
engine  in  figure  13-^  with  those  in  figures  13-1 


and  *13-5.   Such  items  as  insufficient  air, 
.  insufficient  fuel,^  and  faulty  operation  of  thfe' 
governor  appear  on-all  three  cHarts.  Many -of  the 
troubles  listed  sat  >  closely  related,  and  the 
elimination  of  one  may  eliminate  others,'*' 

The  operator  of  an  internal-combustion 
engine  may  be  confronted  with  aiiditional  m^or 
diffi9ulties,  such  as-^  those  indicated  in  figure 
13-7:  Here,  again,  ^om  can  see  that  many  of 
these  possible  troubles  are  similar  to  those  we 
have  already  discussed  in  connection  with 
starting'  failures  and  with  en^ne  stalling  and 
•stopping.  The  discussion  which  follows  covers 
only  thps^  troubles  not  previously  considered. 


ENGINE  OVERSPEEDS  4 


When  aii  engine  overspeeds,  the  trouble  can 
usua%  be  associated  with  either  the  govrfiTior 
mechanism  or  the  fuel  contnol  linkagi',  ,as 
previously  jjiscu^sed.  When  information  <)n  a 
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specific  fuel  system  or  speed  ^control  system  Is 
required,  check  the  jnanUfacturerV  technical 
manual  4nd  the  special  technical  manuals  for  the 
particular  ccjuipment.  These  special  manuals  are 
available  for  the  mpst  widely  used  models  of 
hydraulic  governors  arid  ovarspeed  trips,  and 
they  contain  specific  details  on  testing, 
adjusting,  arjd  repairing. '  ^ 

ENGINE  HUI^ 
WILLNOT  SECURE 

Soi|ie  troubles  that  may  cause  an  engine  to 
hunt  are  strnilar  .to  those  that  may  cause  an 
engine  to  resist  Securing  efforts.  Generally,  these 
two  forms  qf  irregular  engine  operation  are 
caused  by  troubles  oijginating  in  the  fuel  ^stem 
imd  speed  control  syJIem.  *     .  ^ 

Speed  Control  System'      '  - 

■  The  spfeeS^  cdntrol  system  of  an 
internal-combustion  engine  includes  those,  parts 


designed  to  n;iaintain  the  engine  speed  at  ^me 
exacf  value  or  between  desired  limits,  regardleiss 
of  changes  in  load  on  the  pngine-  Governors  are 
provided  to  regulate  fuel  injection  so  that  the 
speed  of  the  engine  can  be  controlled  a^  thftload, 
is  applied*  Governors  also  preveiito^ner^^ 
as  in  rough  seas  when,  the  lo22P1nigjjt  be 
suddenly  reduced  when^  the  propellers  leave  the 
watei.  •  ^.  , 

If  certain  4)aTts,  pf  the  fuel /system  or 
gQve;TiOT  iail  to  function  p^opefly^  the  engine 
may  huntUthat  is,  vary  at  a  constant  throttle 
setting-ot  it  may  be  difficult  to  stop  the  en^e. 

Fuel  Control  Racks 

Fuel  control  racks  tha/^have  become  sticky 
or  jammed  may -cause  governing  difficulties.  If 
the  cpntrol  rack  of  a  fuel  system'  is  not 
functioning  properly,  th^  engine  speed '  may 
increase  as  the  load  Is  removed  or  the  engine 
may  hunt  continuqusly,  or  it  may  hunt  only 
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when  the  load  is  changed.  A  sticky  or  jam^ied 
control  r^pjf  m^y  prevent  an  ^gine  from 
respondihg  to .  changes  in  throttle  setting  artd 
may  even  prevent  secu'ring;  Any  such  condition 
could  be  serious  in  an  emergency  situation.  Your 
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job  Is  to  make  every  effort  ^cgssible  to  prevcnf 
such  conditions  from  o(!curring.     <  ' 

You  can  check  for  a  sticky  rack  by  securing 
the  engine,  disednnecting  the  linkage  to  the 
governor,  and  then  attempting  to  move  the  rack 

.  V 
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by  hand.  There  sihould  be  no  apparent  resistance 
to  the  motion  of  the  rack  if  the  return  springs 
and  linka^  are  disconnected.  A  stuck'  control 
rack  may  be  caused  by  the  plunger's  sticking  in 
the  pump  barrel;  dirt  in  the  rack  mechanism; 
damage  |o  'the  rack,  sleeve,  or  ^ar;  or  improper 
assembly  of  the  injector  pi^imp,  * 

yThe  cause  of  sticking  or  jamming  must  be, 
deiermined  and  damaged  parts  must  be  replaced. 
If  sticking  is  due  to  dirt,  a  thqrougli  cteaning  of 
all  parts  will  probably  correct  the  trouble.  Errors 
in  assembly  can  be  avoided  by  car^lly  studying 
thfe  d||sembly  drawings  and  instructions. 

Leaka^  of  Fuel  Oil     \       '  ^ 

-  r  .  .  '  . 

Leakage  of  fuehoil  from  the  injectors  may 
cause  an  engine  to  .continue  to  operate  when 
you  attempt  to  shut  it  down.  Regardless  of  the 
type  '^of  fUel  system,  the  results  of  internal 
leakage  from  injection  equipment  are,  in  general, 
somewhat  the  same-  Injector  leakage  will  cause 
unsatisfactory  engine  operation  because  of  the 
excessive  amount  of  fuel  entering  the  cylinder. 
Leakage  may  also  cause  detonation,  crankcase 
dilution,  smoky  I  exhaust,  loss  of  power,  and 
excessive  carbon  fomjation  on  spray  tips  of 
noxzles  and  other  surfaces  of  the  combustion 
chamber.  *  - 


Accumulation  of  Uibe  Oil  t 

;  ,     ^  •  .  . 

AnotlTer  trouble  which  may^r^vent  you 
from  stopping  an  engine  is  accumulation  of  lube 
oil  in  the  intake  air  passages-manifold  or  air 
box.  Such  an  accumulation  creates  an  extremely 
(fangerou$  condition.  You  can  detect  excess  dil 
by  removing  inspection  plates  on  cpvers  and 
exiamining  the  air  box  and  'manifold.  If  oil  is 
discovered,  remove  it  and  perfofm  the  necessary 
corrective  maintenance.  If  oil.is  drawn  suddenly 
ill  large  ^quantities  from  the  manifold  or  air  box 
info  the  cylinder  of  the  engine  ancj  bums,  the 
„ engine  may  mn  away.  The  engine  governor  fias 
no  control  over  the  sudden  increase  of  speed 
that  occurs. 


An  air  box  or  air  manifold  explosion  is  also  a 
po^bility  if  excess  .oil  is  allowed  to  accumulate, 
""''"^^^me  engine  manufacturers  have  provided  safety 
devices  to  reduce  the  hazards  of  such  explosions. 

Excess  Gfil  in  the  air  box  or  masiifold  of  ^n 
engine  also  increases  the  tendency  toward 
carboji  formation  on  liner  ports,  cylinder  valves, 
and  other  parts^of  the  combustion  chamber. 

The  causes'  of  excessive  lube  oil 
accumulation  in  the  air  box  or  *ma;iifold  will 
vary  depending  on  the  specific  engine. 
Generally, ,  the  accumulation  is  due  to  an 
obstruction  in  either  the  air  box  or  separator 
drains. 

_  ^^^^  » 

In  an  effort  to  reduce  the  possibility  of 
crankcase  explosions  and  runaways,  some  engine 
manufacturers  have  '  desigr^ed  a  means  to 
ventilate  the  crankcase.  In  some  engines,  a 
passage  between  the  crankcase  and  the  intake 
side  of  the  blower  provides  ventilation-  In  otjier 
engines,  an  oil .  separator  c^r  air  maze  in  ,the 
.  passage  between  the  crankcase  and  blower 
intake  pro^?ides, ventilation. 

In  either  type  of  installation,  sto{iped  up 
di"ains  will  ^cause  an  excessive  accamulation  of 
oil.  Drain  passages  must  be  kept  open  by  proper 
cleaning  whenever  necessary. 

Oi}  may  enter  the  air  box  or  manifold  from 
so^rpes  other  than  cjankcase  vapors.  A  defective 
blower  oil  seal,  a  carryovep-ftom  an  oil  type  air 
cleaner,  or  deffective  oil  piping  may' be  the 
source  of  trouble. 

Another  '  possible  ^urce  may  be 
excessively  high  oil  level  in  the  cjrankcase.  Und 
this  cdndition,  an  oil  fo|  is  treated  in  some 
engines  by  the  moving  parts.  An  oil  fog  m^y  also 
be  caused  by  Excessive  clearance  in  Ahe 
connecting  rod  and  main  journal  bearings/  .\n 
some  types  of  crankcase  ventilafmg  sysfem&(,  the 
oil  fog  will  be  drawn  into  the  blower.  When  this 
occurs,  an  abnormal  amoun^  of  oil  /  may 
accurnulatg  in  the  air  box.  Removal  of  the  oil 


will  not  remove  the  trouble.  The  cause  bf  the 
accumulation  must  be  determined  and  the 
necessary  repair  must  be  accomplished. 
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* ^  If  a  blower  oil  seal  is  defective,  replacement 
yis  the  only  satisfactory  method  of  correction, 
when  installing  new  sJeals,  be  sure  the  shafts  are 
not  scored  and  the  bearing  ate  in  satisfactory 
cx?i]dition.  Special  precautions  must  be  taken 
during  insjallatiion  to  avoid  damaging  oil  seals. 
Damage  to  an  oil  seal  during  installation  is 
usuaHlj^  not  discovered  until  the  blower'has  been 
reinstalled^  and  the  engine  has  t>een  put  into 
operation.  Be  sure  an  oil  seal  gets  the  necessary 
lubrication.  The  oil  not  only  lubricates  the  seal, 
reducing  friction,  but  also  carries  away  anyheat 
thgt  is  generated.  New  oil  seals  are  generally 
soaked  in  elean,  light  lube  oil  ^efofe  assembly. 


CYUNDER  SAFfeXY  VALVES 


Orj  some  engines,  a  cylinder  relief  (safety 
valve)  is  provided  for  6acH  cylinder.  The  valve 
opens  ^vhen'  the  cylinder  pressures  exceed  a  safe 
operating  limit.  The  valve  opens  closes '  a 
passage  leading  torn  the  combustion^  chamber  to 
Jhe  outside  of  the  cylinder.  The  valve  face -is 
held  against  the  valve  seat  by  spifing  piressure. 
Tej)$ion  onrthe  spring  is  varied  by  an  adjusting 
nuf,  which  is  lecked  when  the  desired  setting  is 
attained.  The  desired  setting  varies  with  the  type 
of  engine  iind  may  be  found  by  referring  to  the 
nmnufacturer's  technical  manual 

Cylinder  relief  valves  should  be  set' at  Jhe 
specified  lifting  pa^s^ure.  Cbntinual  liftii)g 
(popping)  of  the  valves  indicates  excessive 
cylinder  pressure  or  malfunction  of  the  valves,  • 
either  of  which  should  be  correcte^d 
imrxiediately.  Repeated  lifting  of  a  relief  valve 
indicates  tfiat  the  engine  is  being  overloaded,  the  . 
load 'is  being  applied  improperly,  or  the  engine  is 
too  uold.  Also,  repeated  lifting  may  indicate  that 
the  valve  spring  has  become  weakened,  ignition 
or  fuel  .injection  is  occurring  too  early,  the 
injector  is  sticking  and  leaking,  too  much  fuel  is 
being  supplied,  or,  in  air  injection  engines,  that 
.the  spray  valve  air  pressure  is  too  higli.  When 
fa'quent  popping  occurs,  the  engine  must  be 
stopped  to  detennine  and  remedy  the  cause  of 
the  trouble.  In  an  emergency,  the  fuel  supply 
may  be  cut  off  in  the  affected  cylindec  Relief 
valves  must  NEVHR  be  locked  closed,  except  m 


an  emergency*  When  emergency  measures  are 
taken,  the  valves  must  be  repaired  or  replaced  as 
necessary  as  soon  as  possible. 

When  exc^sive  fuel  is  the  cause  of  frequent 
safety  valve  lifting,  the  trouble  may  be  due  to 
the  *improper  functioning  of '  a  high-pressure 
injection  pump,  a  leaky  nozzle  or  spray  valve,  or 
a  loose  f\iel  cam  (if  adjustable);  or,  in  some- 
systems  such  as  the  common,  rail,,  the  fuel 
pressure  ma>^  be  too  high. 

A  safety  valve  that  is  not  operating  properly 
should  be  removed,  disassembled,  cleaned  and 
inspected.  Check  the  valve  and 'valve  seat  for 
pitting  and  excessive  Vear  and  the  valve  spring 
^  for  possible  defective  conditions.  When  a  safety 
valve  is  removed,  for  any  reason,  the  sprinjg 
tension  must  be  reset  This  procedure  varies  to 
some  extent,  depending  on  the  "valve 
construction.  .  . 

Except  in  emergencies,  it  is  advisable  to  shut ' 
an  en^ne  down  when  troiibles  cause  safety  valve 
popping. 

Clogged  or  partially  obstructed  exhaust 
ports  may  aI$o  cause  the  cylinder  safety  valve  to 
lift.  This  condition  will  not  occur  often  if  proper 
planned  maintenance  procedure  are  followed.  If 
vjt  does  occur,  the  resulting  increase  in  cylinder 
pressure  may,  be  enough^  to  cause  safety  valve 
popping.  Clogged  exhaust  ports  will  also  cause 
overheating^  of  the  engine,  high  exhaust 
temperatures,  and  sluggish  engine  operation,    .  / 

You  qan  prevent  clogged  cylinder  ports  by 
removing  carboVi  deposits  at  proscribed  intervals. 
Some  engine  nranufacturers  make  special  tools 
for  port  jsEteaning.  Round  wire  brushes  of  the 
proper  si^e  are  satisfactory  for  this  work.  You 
must  be  careful  in  cleaning  cylinder  ports  to 
prevent  carbon,  from  entering  the  cylinder-bar  , 
%e  engine  to  spch  a  position  that  the  piston 
blocks  the  port. 


SYMPTOMS  OF  ENGINE  TROUBLE 

In  learning  to  recognize  the  symptoms  that 
may  help  locate  the  causes  of  engine  trouble, 
you  will  find  that  experience  is  the1)est  teacher. 
Even  though  written  instructions  are  essential 
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for  efficient  troubleshooting,  the  information 
usually  given  serves  only  as  a^uide.  It  is  very 
difficult  tp  ^^scribe  the  sensation  that  you 
should  feel  when  checking  the  temperature  of  a 
bearing  by  hand;  the  specific  color  of  exhaust 
smoke  when  pistons  and  ring?;  are  worn 
excessively;  and,  for  some  en^nes,  the  sound 
that  -you  •  will  ,hear  if  the  crankshaft 
counterweights  come  loose.  You  "must  actually 
work  with  the  equipment  in  order  to  associate  a 
particular  symptom  with  a*  particular  trouble. 
Written  information,  hoVever,  o^n  save  you  at 
great  deal  of  time  and  eliminate  much 
Unnecessary  work.  Written  instructions  will 
make  detection  of  troubles  much  easier  in 
practical  situations. 

Symptoms  which  indicate  thdt  a  trouble 
exists  may  be  iii  the  form  of  an  unusual  noise  or 
instrument'  indication,  smoke,  or  excessive 
consupiption  or  contamination  of  the  lube  oil, 
fuel,  or  water.  Figure  13-8  is  a  general  listing  of 
various  trouble  symptoms  which  the  openitor  of 
an  engine  may  encounter. 

NfOISES  . 


The  unusual  noises  which  may  indicate  that 
a  trouble  exists  or  is  impending  maybe  classified 


as  pounding,  knoci^ing, '  clicking,  and  rattling, 
liich  type  of  noisei  must,  be  associated  with 
certain  engine  parts  or  systems  which  might  be 
the  source  of  trouble  A 

Poiinding  of  hammering'  is  a  mechanicaj 
knock  (not  to  be  confused  with  a  fuel  knock).  It 
may  be  caused  by  a  loo^e,  excessively  worrh>  or 
broken  engine  part.  Ger\erally,  troubles  of  this 
nature  will  require  major  Repairs.        \  ' 

^  Detonation  (knocking)  is  caused*  by  the 
presence  of  fuel  or  lubricating  oil  in  the  air 
charge  of  the  cyjinders  diinng  the  compression 
stroke.  Excessive  pressures  acqompany 
detonation.  If  detonation^- is  occurring  in  one  or 
more  cyhndefs,  ^n  engine  snould -be  stopped 
immediately  to  preyent  possible\damage. 

^  Clicking  noises  are  generally  ^ssopiated  with 
an  improperly  functioning  valve  mechanism'  or 
timing  gear.  If  the  €y4inder  or  valve  mechanism 
is  the  source  of  metallic  clickingAthe  trouble 
may  be  due  to  a  loose  valve  stemVand  guide, 
insufficient  or  excessive  valve  ia^et  clearances, 
a  loose  cam  follower  or  guide,  broken  valve 
springs,  or  a  valve  that  is  stuck  open-  AViicking 
in  the- timing  gear  usually  indicates  that  there  are 
^some  damaged  or  broken  gear  tqeth.  \^ 

\ 
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Figure  13-8.^Svmptoni$  of  enj^rw  trouble. 
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Rattling  noises  are  generally  due  to  vibration 
of  loose  engine  parts.  However,  an  improperly 
functioning  vibration  damper,  a  failed 
antifriction  bearing,  or  a  gear-type  pump 
operating  without  prime  are  also  possib'le 
sources  of  trouble  when  rattbing  noises  occur.  - 

When  you  hear  a  noise,  first  make  sure  that 
it  is  a  trouble  symptom.  Each  diesel  engine  has  a 
characteristic  noise  at  any  specific  speed  and 
load.  The  noise  will  change  with  a  change Jn 
speed  (^  Joad.  As  an  operator  yo\i  must  become 
familiar  with  the  normal  sounds  of  an  engine. 
Abnormal  -  sounds  must*  be  investigated 
promptly.  Knocks  which  indicate  a  trouble  jnay 
be  detected  and  located  by  special  instruments 
or  by  the  use  of  a  "sounding  bar"  such  as  a  solid 
iron  screwdriver  or  bar. 

INSTRUMENT  INDICATIONS  ' 

■  i      '  '        '  ■ 

.An  engine  operator  probably  relies  more  on 
the  instruments  to  warn  of  impending  tix^ubles 
than  on  all  the  other  trouble  symptoms 
combined.  Regardless  of  the  type  instrument 
breing  used,  the  indications  are  of  no  value  if 
inaccuracies  exist.  Be  sure  an  instrument '  is 
accurate  and  operating  properiy.  All  instruments 
-  must.be  tested  at  specified  intervals  or  whenever 
they  aye  suspected  of  being  inaccurate.  * 

SMOKE 

Smoke  can  be  quite  useful  as  an  aid  in 
locating  some  types  of  troutjle,  especially  if  used 
in  conjunction  with  other  trouble  symptoms. 
The  color  of  exhaust  smoke  can  also  be  used  as  a 
guide  in  troubleshooting.  .  m 

The  color  of  engine  exhaust  is  a  good, 
general  indication  of  engine  oerformance.  The 
exhaust  of  an  efficiently  ope^ting  engine  has 
little  or  no  color.  A  dark,  smoky  exhaust 
indicates  incomplete  combustion;. the  darker  the 
color,  the  gre^ater  the  amount  of  unbumed  fuel 
in  the  exhaust.  Incximplete  combustion  may  be  ■ 
due  to  a  num{?er  of  troubles.  Some 
manufacturers  associate  a  particular  type  of 
trouble  with  the  color  of  the  exhaust.  The  more 
serious  troubles  are  generally  identified  with 
either  black  or  bluisli-white  exhaust  .colors. 
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EXCESSI  VE  CONSUMPTION  OF 
LUBE  OIL,  FUEL,  OR  WATER 

An  operator  should  be  aware  of  engine 
trouble  whenever  excessive  consumption  of  any4 
of  the  essential  liquids  occurs.  The  possible 
troubles  indicated  by  excessive  consumption  will 
depend  on  •  the  system  in  question;  leakage, 
however,  is  one  trouble  which  may  be  cpmmon 
to  all.  Before  starting  ^ny  disassembly,  check  for 
leaks  in  the  system  irt  which  exc^ive 
consumption  occurs.. 


TROUBLESHOOTING  GASOLINE 
ENGINES 

The  troubleshooting  procedure's  used  for  a 
marine  gasoline  engine  are,  in  many  wSys, 
similar  4o  those  for  a  diesel  engine.  The  main 
^  parts  and  systems  of  the  two  types  of  engines 
'  are  quite  simijpj  with  two  exceptions.  They 
.  differ  .principally  in  the  manner  of  getting  fuel 
and  air  into  the  cylinders  and  in  the  method  6f 
ignition. 

■    '  I :  . 

This  section  deals  primarily '  with  those 
systems  which  differ  iru,tf>»  flfl'^STiiirand  diesel 
^engines.    In,   additf^n,  troubleshooting 
information  is  given^n  the  electrical  systems. 

Even  though  most  electrical  maintenance 
and  repair^  the  responsibility  gf  an  Electrician's 
Mate,  "youVj/ an  Engineman  can  reduce  the 
amount  of  electrical  troubles  following  the 
correct  operating  procedures.  Most  electrical 
system  troubles  develop  from  improper  use,, 
care,  or  maintenance. 

The  following  information  is  given  primarily 
to,  help  you  in  detecting  electrical  troubles  so 
■  that  corrective  action  may  be  taken. 

,  When  a  gasoline  engine  fails  to  start,  one  of* 
three  conditions  exists.  The  engine  is  not  free  to 
turn,  the  starter  does  not  crank 'the  en^ne,  or 
the  engine  is  cranked  but  does  not  start.  Figure 
13-9  lists  many  of  parts  and  conditions 
which  may  be  the  souf.ce  of  trouble  causing  such 
difficulties. 

^ 
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Fi^rt  13>9l— Poffibl#  sources  of  trouble  when  i  gssoiinc  ttigine  fails  to  stsn 


If  the  en^nc  will  (lot  turn  over,  some  part  is 
probably  seized.  In  this  event  it  is  advisable  to 
make  a  thorough  inspection  which  may 
necessarily  include  some  disassembly. 

STARTER  DOES  NOT  Rl^ 


If  the  starter  fails  to  turn,  the  trouble 
usually  be  traced  to  the  battery,  connections,, 
switch,  or  starter  motor.     ,  % 

Symptoms  "of  battery  trouble  generally 
occur  before  the  charge  gets  too  low  to^perform 
the  required  wcwk.  Battery  failure  is  normally 
preceded  by  a  gradual  decline  in  the  strength  of 
the  battery  charge.  A  dead  battery  may  be  the 
result  of  insufficient  charging,  damaged  plates, 
or  improper  starting  technique. 


Generators  used  to  maintain  the  chyge  of 
starting  batteries  may  become  defective.  When 
'  this  occurs,  the  normal  symptoms  are  a  low , 
battery  chafge  when  the  engine  is  started  and  a 
zero  or  loy  ammeter  reading  when  the  engine  is 
running. 

Batteries  must  be  in  good  condition  to 
ensure  the  proper  operation*  of  an  ignition 
system-  A  starter  draws  a  heavy  current  from  the 
best  of  batteries-  When  a  battery  is  weak,  the 
voltage  will  be  insufficient/  to  ^  operate  the 
ignition  .system  satisfactorily  because  the  heavy 
starting  current  will  drop  the  voltage  of  the' 
battery  to  an  ^tremely  low  value. 

Flames  and  sparks  of  all  kinds  should  be 
kept  away  from  the  vicinity  of  storage  batteries. 
A  certain  amount  of  hydrogen  gas  is  given  off 
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from  a  battery  at  all  times.  ^In  confined  spaces 
this  gas  can  form  a  dangel%iisrexplosive  mixture. 

When  using  tools  around  a  battery,  you 
should  be  careful  not  to  short  circuit  the  battery 
terminals.  Never  use  a  ffeol  or  metal  object  to 
make  a  so-called  "test"  of  a  storage  battery. 

Batteries  in  exposed  locations  subject  to  low 
temperatures  should  be  kept  fully  charged  ' 
dudng-coid  weather.  In  extreme  cold  weather, 
storafge  batteries  should  be  removed  and  placed 
in  a  warm  compartment,  if  it  is  practicable  to  do 
so.  } 

Electrical  connections  axe  another  possible 
source  of  trouble  if  the  starter. dbes  jiot'turn.  All, 
connections  must  be  kept  tight  and  free  from 
corrosion  if  maximum  capacity  is  to  be  obtained 
from  the  battery.  Battery  terminals,  Hm(fe  they 
are  more  vulnerable  to  corrosion,  looseness,  and 
burning,  are  the  principal  ;sources  of  trouble. 

Burned  battery  terminals  may  be  caused  by 
a  loose  connection,  a  corroded  tenninal,  or  a 
short  circuit.  Burning  of  terminals  usually  occurs 
when  an  engine  is  being  started.  Burning  may  be 
iivdicated  by  such  things  as  smoke,  a  flash,  or  a 
spattering  of  mplten  metal  in  the  vicinity  of  the 
battery.  Usually,  the  startin^^otor  will  cease  to 
turn  after  the  occurrence  of  these  symptoms. 

* 

Switches,  electrical  relays,  or  contactors 
, which  are  defective  or  inoperative  may  be  the 
reason  that  a -starter  will  not  turn.  Contactors, 
being  subject  to  extremely  hi^i  current,  must  be  ^ 
maintained  in  the  best  possible  condition.  * 
Starting  contactors  ar«  either'  manually  or 
magnetically  ofxrrated  and  arc  designed  to  be 
operated  for  only  short  periods  of  time.  / 

Starter  motor  troubles  can  be  traced  for  the 
most  part  to  the  commutator,  brushes,  or 
insulation.  If  motors  are  to  function  properly, 
they  must  be  kept  clean  and  dry;  dirt  and 
moisture  make  good  commutation  impossible. 
Dirty  and  fouled  starter  mptors  may  be  caused 
by  failure  to  replace  the  cover  band,  by  water 
jeakage,  or  by  excess  lubricati|)n, 

'  Most  starter  n^otors  have  a  cover  to  protect 
the'  commutator  arid  windings.  If  the  operator 
neglects  to  replace  the  cover  or  removes  it  as  an 
aid  to  ventilation  and  cooling,  dirt  and  water  are 
sure  to  damage  the  equipment. 


Although  lubrication  of  bearings  is  essential 
for  proper  operation,  excessive  lubrication  may 
lead  to  trouble*  in  a  starter  motor.  Excess 
lubricant  in  the  sliaft  bearings  jnay  leak  or  be 
forced  past  the  seal  and  foul  the  insulating 
material,  c6mmutator,  and  brushes.  The 
lubricant  prevents  a  ^od  electrical  contact 
between  the  brushes  and  commutator,  causing 
sparking  and  heating  of  the  commutator  and 
burning  of  the  brushes. 

-Burned  brushes  are  another  possible  source 
of  trouble  if  the  starter' motor  is  inoperative. 
Burning  ;nay  be  caused  by  loose  brush  holders, 
improper  brush  spring  tension,  a  brush  stuck  in 
the  holder,  a  dirty  commutator,  improper  brush 
seating  surface,  and  overloading  the  starter, 

STAftTER  MOTOR  OPERATES^ 
BUT  DOES  NOT  CRANK  ENGINE 


If  the  starter  motor  and  battery  are  known 
to  be  in  good  operating  condition  but  the  starter 
fails  to  crank  the  engine,  the  trouble  will  usually 
be  found  in  the  drive  connection  between  the 
motor  and  the  ring  gear' on  the  flywheel. 
Troubles  in  the  drive  assembly  are  usually  in  the 
form  of  broken  parts  or  a  slipping  clutch  (if 
appiksable).  A  slipping  clutch  may  be  the  result 
of  the  engine  not  being  free  to  turn  or  of  the 
clutcli  not  holding  up  to  its  rated  capacity. 

Even  though"  seldom  encountered,  a  stripped 
ring  gear  on  the  flywheel  may  ^e  the  source  of 
trouble  if  the  starter  motor  does'  not  turn  the 
engine.  / 


ENGINE  CRANKS  BUT 
F'AILS  TO  START 

m  i 

Starting  troubles  and  their  causes*  and 
corrections ^jnay  vary  to  some  degree,  depending 
on  the  particular  engine.  If  the  prescribed 
prestarting  and  starting  ^ocedures  are  followed 
and  a  gasoline  engine  fails  to  start,  the  source  of 
troub^^le  will  probably  be  improper  priming  or 
choking,  a  ladk  of  fuel  at  various  points  in  the 
system,  or  a  lack  of  spark  at  the^  spark. plugs. 
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Improper  priming  may  be  classified  as  either 
underpriming  -or  overpriming.  Priming 
ihstruqtiOns  dift^er,  depending  on  the  engine, 
information  "on  priming  also  applies  to  engines 
"equipped  with  chokes,  A  warm  engine  should 
never  be  pijimed.  Some  engines  may  require  no 
priming  except  when  starting  under  cold 
weather  conditions. 

\  -  - 

On  some  installations,  hnderpriming  can  be 
checked  by  the  feel  of  the  primer  pump  as  it  is 
operated-  On  other  installations,  underpriming 
may  be  due  to  insufficient  use  of  the  choke. 

\ 

Overpriming^  results  in  a  flooded  engine  and. 
makes  starting  difficult,  Overpriming  is  also 
undesirable  because  excess  gasoline  will 
condense  in  the  intake  manifolds,  run  down  into 
the  cyliiltlers,  .wasli  away  the  lubricating  oil  film, 
and  cause  pistons  or  rings  to  stick. 

Flooding  can  be  detennined  by  removing 
and  inspecting  a  spark  plug,  A  wet  plug  indicates 
flooding.  Deflooxiing  or  drying'^out  procedures 
must  be  accomplished  according  to  prescribed 
instructions.  Someiinstailations  specify  that  the 
ignition  switch  must  be  ON,  while  others  state 
the  switch  must  be  OFF;  therefore  it  is 
important  that  the  appropriate  engine 
mauiifacturer's  ifniitructions  be  followed. 

/mprojjer  carburetion  may  be  the  source  o^f 
trouble  if  a  gasoline  engine  fails  to  start.  On 
some  engines  a  check  of  the  fuel  pressure  gage 
will  indicate  whether  lack  of  fuel  is  the  cause.  K 
the  gage  shbws  the  prescribed  ""pressure,  the 
trouble  is  not  lack  of  fuel:  if  <:he  gage  shows 
little  or  no  fuel  pressure,  then  the  various  parts 
of  the  dehvery  system  must  be  checked  to  locate 
the  fault. 

In  some  installations,  you  can  determine 
whether  the  trouble  is  in  the  gage  or  In  the  fuel 
system  by  the  following  procedlire:  (1)  remove 
the  carburetor  plug  next  to  the  fuel  pressure 
gage  comfection,  and  (2)  use  a  suitable  container 
to  catch,  the  gasoline  aiul  operate  the  pump  used 
to  byild  up  starting  fuel  pressure.  If  fuel  Is 
reaching  the  carburetor,  gasoline  will  spurt  ^ut 
of  the  open  plug  hole : -this/ indicates  ^hat  the 
gage  is  inoperative.  If  no  fuel  flcTws  from  the 


plug  opening,  the  trouble  4s  probablyiin  the  fuel 
system  somewhere  between  the  fuel  tank  and 
carburetor.  Even  though  all  installations  do  not 
have  a  fuel  pressure  gage,  the  procedure  for 
checking  the  fuel  system  will  be  much  the  same.^ 

If  a  wobble  pump  is  installed  to  build  up 
starting  fuel  pressure,  'you  can  determine 
whether  the  pump  is  operating  correctly  by  the 
feel  and  softnd  of  the  pump.  If  the  pump  feels  or 
sounds  dry,  then  the  trouble  is. between  the 
pump  and  supply  tanks.  The  trouble  might  be 
caused  by  a  clogged  fueljine  strainer  or  by  an  air 
.  leak  in  the  line.  If  the  wobble  pump  ispumping, 
s.  then  the  trouble  may  be  in  the  line  to  the  engine 
fuel  pump  Or  in  the  engine  fuel  pump  itself. 

Check  the  fuel  lines  for  cracks,  dents,  loose^r 
connections,  sharp  bends,  and  clogging.- You  can^ 
remove  the  fuel  Une  at  the  pump  and  tise  air  to  / 
determine  if  the  line  is  open, 

Clieck  fuel  pumps  for  leaks  at  the  pump 
gaskets  or  in  tlie  fuel  line  connections.  Check 
fuel  pump  filters  or  sediment  bowl  screens  ^or 
restrictions.  Qieck  the  bypass  for  operation.  If 
the  bypass  valve  is  defective,  the  fuel  pump  will 
have  to  be  replaced.  ;In  diaphragm  type  fuel 
pumps,  the  filter  bowl  gasket,  the  diaphragm,  or 
the'  valves  may  be  the  source  of  trouble.  Check 
'  for  air  leaks  by  submerging  the  discharge  end  of 
the  fuel  line  in  gasoline  and  looking  for  air 
buboes  while  cranking' the  engine.  If  the  engine, 
will  run,  a  leai^  diaphragm  can  be  detected  by 
gasoline  leakage  from  the  pump  air  vent. 

Carburetor  tt*ouble  may  be  the  reason  if  fuel 
does  not   reach  the  cylinders.  Tliis  can  be 
checked   by   removing  ihe  spark  plugs  and 
looking  foL  moisture.  If  there  is  no  trace  of 
j^oHne  on  the  plugs,  the  carbureter  may  be  out 
of  adjustment,  the  float  level  may  be  too  low,  or 
the  jets  may  be^logged.  If  the  fuel  level  in  the 
carburetor  float  bowl  is  low,  tke  float  valve  is 
J  probably  stuck  on  the  seat.  If  the  fuel  level  in 
/  the  float  is  correct,  yet  no  fuel  is  delivered  to 
t\}c  carburetor  throat,  the  carburetor 'vyill  have 
to  be  removed,  disassembled,  and  cleaned. 

V       Faulty  ignition  system  part^hay  be  the 
source    iDf    startiifg  *  difficufties.    You  may 
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encoun^r  two  kinds  of  ignition  systemi-the 
MAGl^TO  type  and  the  BATTERY  type.  Even 
though  the  parts  of  these  systems  differ  in  some 
respects,  their  function  isjhe  same;  nahiely,  to 
produce,  a  spark  in  each  cylinder  of  the  engin^at 
exactly  the  proper  time  in  relation  to  the' 
position  of  the  pistons  and  the  crankshaft.  Also, 
the  system  is  so  designed  that  the  sparks  in  all 
cylinders  follow  each  other  in  proper  sequence. 


ENGINE  FAILS  TO  STO? 


Other  troubles'  and  their  symptoms,  causes, 
and  corrections  which  may.  occur  in  a  gasoline 
engine  are  similar  to  those  found  in  a  diesel 
engine.  Troubles  leading  to  loss  of  rpm,  irregular 
operation,  unusual  noises,  abnormal  instrument 
indications,  and  excessive  consumption  or 
contqinination  of  the  lube  oil,  fuel,  or  water,  can 
usually  be  handled  in  the  same  way  for  gasoline 
and  diesel  engines.  Of  course,  there  are  always 
exceptions,  so  it  is  best  to  consult  the 
ai|)ropri5te  manufaqturef's  technical  manual. 


If  a  gasoline  engihe  fails  to  stop  when  the 
ignition  switch  is  turned  to  the  OFF  position, 
the  trouble  is  usually  caused  by  a  faulty  ignition 
circuit,  improper,  timing,  the  octane  rating 
•  number  of  the  fuel  is  too  Iqw  for  the  desi^  of 
the  engine,  or  the  engine  is  ov^^rheated. 

In  a  magneto  type  ignition  system,  an  open 
-grouhd  connection  may  cause  an  engine  to  run 
after  the  ignition  switch  is  turned  off.  When  a 
magneto  ground  connection  is  open,  the 
magneto  will  continue  to  prpduce  spar|cs\s  long 
as  the  magneto  armature  magnets  rotate,  ^d  the 
engine  will  continue  to  run.  In  other  words, 
when  the  magneto  ignition  switch  contact  points 
are  closed,  the  ignition  shouId*(be  SHW  OFF.  ^ 
This  is  not  true  of  the  booster  c^il  circuit  of  a 
magneto  type  system,  nor  of  the  usual  battery 
type  ignition  system.  In  these  systems,  an  open 
ground  or  open  switch  poirits  prevent  current 
flow.  If  the  switch  of  a  battery  type  ignition 
system  fails  to  stop  an  engine,  it  is  probable  that 
the  contact  switch  points  have  remained  closed. 

If  the  ignition  switch  and  the  circuit  are  in 
g^d  condition,  failure  to  stop  may  be  yaused 
by  overheating.  If  the  engine _  is  overheated, 
normal  compression  temperature  may  become 
high  enough  to' ignite  the  fuel  mixture  even 
though  no  spark  is  being  produced  in-  the 
cylinders.  When  this  happens  in  a  gasoline 
engine,  the  engine  is  in  reality  operating  on  the 
diesel  principle-  ^ 

Normally,"  you  will  detect  the  symptoms  of 
overheating  before  the  Jemperature  get^  too 
"high,  llie  causes  of  overheating  in  a  gasoline 
engjne  are  much  thj:  same  as  those  for  a  diesel 
en^ne, 
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ELECTRICAL  SYSTEMS 

I 

Since  most  small  boat  crews  do  not  include 
an  electrician  wftpn  away  from  .the  ship,  it  will 
be  the  rest>onsibility  of  the  engineer  to 
troubleshoot  and  repair  troubles  that  may  be 
encountered  with  the  electrical  ignition  and 
JigiKing  systems.  The  ignition  systems  have  been 
discussed  earlier  in  fhis  maitual,  so  the 
informJilion  here  will  mostly  apply  to  lighting 
systems. 

The  electrical  system  on  a  typical  small  boat 
consists  of  the  following: 

1  -  A  battery  chai^lfg  generator  driven  from 
the  propulsion  engine. 

2.  An  engine  starting  system. 

3.  A  l?attery  used  both  for  engine  starting 
and  for  supplying  auxiliary  loads  when  the 
engine  is  secured. 

4.  A  control  and  distribution  panel  having 
switches  ajid  fuses  for  the  control  arid 
protection  of  circuits  to  auxiliary  loads. 

5.  Cable  forinterconnecting  the  above. 

6.  Voltage  regulator. 


UNGROUNDED  TWO-WIRE, 
24'J0LTD,C  SYSTEM 

The  electrical  systen^  used  on  Navy  small 
boats  is  generally  a  twcPWife,  ungrounded, 
24-volt  dx. 'system.  The  twoiwire  system  is  a 
necessity  on  a  monconductiug  boat  hull  of  wood 
or  ^plastic.  The  steel  boat  hull,  like  the 
automobile  chassis,  makes  a  good  electrical 
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conductor  and  permils  the  use  of  a*  single-wire 
electrical  system  with  a  groQnded  or  hull  re^tum. 
There  are  certain  Reasons,  however,  Tor  the  use 
of  an  ungrounded  two-wire  system  on  steel  hull 
bo^ts  instead  of  the  sin^e-wire  installation. 

Because  of  environmental  .  conditions 
(exposuxe  to  saltwater  spray),  an  unwanted 
(accidental),  ^ound  sometimts  occurs  on  boat 
electrical  systems.  The  Navy's  service 
experiences  reveal  that  fewer  shutdowns  occur 
on  its  ungrounded  two-wife  systems  than  orr  the 
single-wire  systerns.  As  a  result,  every  effort  is 
inade  to  provide  a  two-wire  ungrounded  system 
and  t'tfe  Hectrician*s  Mate .  must .  maintain  it  in 
tha^  condition^  ^Jlie  ungrounded  systems  can 
tolerate  the^^ejhpbrary  addition  of  any  SINGLE 
grQunded  condition,  regardless  of  its  location, 
because  nq  function  is  affected.  A  variety  of 
troubles  however  may  result  when  two  places  in 
the  system  become  ungrounded.  The  more 
comfn9n  troubles  include  blown  fuses,  failure  to. 
energize  the  starting  system,  or  faulty  operation 
of  any  device,  such  as  horn,  voltage  regiilator, 
lights,  arid  miscellaneous  auxiliai^  loads. 


PROTECTION  OF  CIRCUITS 


Fuses  are  normally  provided  only  in  the 
circuits  supplying  auxiliary  loads  such  as  horns, 
rulining  lights,  cabin  fights,  spotlights,  and 
communications  equipment.  ' 

All  other  circuits,  such  as  the  starting  motor 
circuit,  solenoid  switch  control  circuit,  battery 
cjiarging  circuit,  and  powet  supply  to  the 
distribution  panel,  .are  unfused.  Protection  of 
the  unfused  circuits  is  adequate  beotiuse  the 


possibility  of  short  circuits  or  leakage  currents 
.has  been  reduced  by  providing  the  following: 

1.  Two-wire  ungrounded  electrical  system 
instead  of  single-wire  grounded. 

2.  *  Two-wire  ungrounded  electrical 
components  of  such  rugged  construction  as  to 
make  grounding  of  internal. firing  or  terrilinals 
most,  difficult  under  normal  s^ice  conditions* 

3.  Watertight  components  such  as  battery 
connection  boxes,  distribution  and  control 
panel,  and  starting  motor  solenoid  switch. 

4.  -Cables  between  batteries  and  starting 
motor  of  sufficient  size  to  carry  high  innjsh 
currents  and  ^provided  with  tenninal  lugs  and 
end  sealing  to  prevent  penetration  of  moisture. 

5 .  Splash  guards  for  attached  generators. 

6.  Protection  of  instruments  such  as  the 
battery  charging  ammeter  by  providing  sealed 
meters  or  a  transparent  splash  shield. 

^  7.  Fusing  of  auxiliary  load  .circuits  to 
isolate  faults  in  these  circuits. 

Wlien  working  around  9n  engine  or  boat  it 
will  be  to  your  , advantage- to  pay  particular 
attention  to  how  a  unit  is  wired  and  the  type  of 
wiring  used.  It  will  make  the  job  of  finding  and 
ret^airing  troubles  much  easier. 

Although  on  a  small  boat  away  from  tiio 
ship,  it  will  be  rather  difficult  to  completely 
check  out  a  system  ^ince  the  test  equipment  will 
not  be  available. 

^  How-ever,  you  can  check  for  such  thin^  as 
loose,  or  corroded  connections^  broken^  wiring, 
faulty  switches^  and  blown  bulbs  or  fuses. 

More  detailed  information  pertaining  to"  a 
particular  installation  can  be  obtained  from  the 
manufacturer's  technical  manual. 
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'  CHAPTER   14  _ 

TRANSMISSION  OF  ENGINE  POWER 


The  main  components  of  an  engtne  have 
been  covered  in  the  preceding  chapters  of  this 
manual.  If  the  power  develoi^  by  an  engine  is 
to  be  used  to  perform  useful  work,  there  must 
be  sonifi;  way  to  transmit  the  power  from  the 
en^ne  '(driving  unit)  to'  such  loads  as  the 
propeller  qf  a  boat  or  the  drive  shaft  of  a 
generator,  a  compressor,  or  a  pump.  This 
chapter  provides  general  information  on  how  the 
force-  available  at  the  crankshaft  of  an  efigine  is 
transmitted  to  a  point  where -it  will  perform 
useful  work.  The  combination  of  devices  used  to 
transmit  engine  power  to  a  driven  unit  is 
commonly  called  a  DRIVE  MECHANISM. 


FACrOi^S  RELATED  TO' 
THE  TRANSMISSION 
OF  ENGINE  POWER 

^  r 

The  basic  characteristics  of  an 
internal-combustion  engine  make  it  necessary /in 
many  cases,  for  th^  drive  tnechanism  to  change 
both  the  speed  and  the  direction  of  shaft 
rotation  in  the  driven  mechanism.  There  are 
various  methods  for  making  inquired  changes  in 
speed  and  direction  during  tli^  transmission  of 
power  from  the  driving  unit  to  the  driven  unit. 
In  most  of  the  installations  you  will  b^working 
with,  t|ie  power  is  transmitted  by  a  drive 
mechaniim  consisting  principally  Of  gears  and 
shafts.  You  wiU  better  understand  the  way  a 
drive  mechanism  transmits  power  if  you  review 
chapters  1  through  9  of  Basic  Machines, 
NAVPERS  1 0624- A.  Chapter  6  will  be 
especially  helpful  tP  you;  it  describes*the  basic 
types  of  gears  and  discusses  how  gears  are  used 
to  change  the  direction  of  rttation  an^  the 
speed  of  a  shaft. 


The  process  of  Jransmittirig  engine  power  to 
a  point  where^  can  be  used  in  performing 
useful  wcffk  involves  a  number  of  factors.  Two 
of  these  factors  are  torque  and  speed. 

TORQUE 

t  *  ' 

Torque,  or  twist,  is  the  force  which  tends  to 
cause  a  rotational  movement  of  an  object-  The 
orankshaft  of  an  engine  supplies  a  twisUng  force 
to  the  ^ars  and  shafts  which  transmit  power  to 
the  driven  unit-  Gears  are  used  to  ^increase  or 
decrease  torque.  For  example,  an  engine  may 
not  produce  enough  torque  to  tum  the  shaft  of 
a  driven  machine  if  tlie  connection  between  the 
doYing  and  driven  units  is  direct,  or  **solid/'  If 
the  right  combination  of  geaps  is  installed 
between  the  engine  and  the'  driven  unit, 
however,  torque  is  increased,  and  the  twisting 
-force  is  then  sufficient  to  operate  the  driven 
unit.^ 

SPEED 

Another  factor  related  to  torque  and  to  the 
transmission  of  en^ne  power  is  engine  speed.  If 
maximum  efficiency  is  to  be  obtained,  an  engine 
must  operate  at  a  certain  speed.  To  obtain 
efficient  engine  operation,  in  some  installations 
the  engine  may^need  to  operate  at  a'  higher  speed 
than  that  required  for  efficient  operation  of  the 
driven  unit.  In  other  installations,  th?  speed  of 
the  engine  may  n^d  to  be  lower  than  the  speed 
of  'the  driven  unit*  Through  a  combination  of 
gears,  the  speed  of  the  driven  unit  can  be 
increased  or  decrea^d  so  that  both  the  driving 
and  the  driven  units  -  operate  at  their  most 
efficient  speeds;  that  is,  so  that  the  proper  speed 
ratio  exists  between  the  units. 
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Speed  Ratio  and  Gear  Ratio 

9 

The  terms  speed  ratio  and  gear  ratio  are 
frequently*  used  in  descriptions  of  gear-type^ 
mechanisms.  Both  ratios  are  determined  by  ^ 
dividing  the  number  of  teeth  on^he  driven  gear 
by  the  number  of  teeth  o»-tfie  driving  gear.  For  -* 
example,   assume  that  the  crankshaft  of  a 
■/   particular  en^'ne  is  fitted  'with  a  driving  gear 
which  is  half  as  large  as  the  meshing,  driven  gear. 
If  the  driving  ^ar  has  10  teeth  and  the  driven  , 
gear  has  20  to^th^the  gear  ratio  i&  2  to  1 .  Ever>^ 
revolution  -  oA  the  driving  gear  will  cause  the 
driven  gear  to  revolve  through  only  half  a  tum, 
Tims,  if  Jhe  engine  is  operating  at  2, OCX)  rpm, 
the  speed  of  the  driven  gear  will  be  only  1 ,000 
rpm;  the  speed  ratio  is  then  2  to  J.  This 
^awangement  doubles  the  torque  on  the  shaft  of 
the  driven  unit;  the  speed  of  the  driven'  unit, 
however,  is  only  half  that  of  the  engine. 

On  the  other  hand,  if  the  driving  gearlias  20  \, 
teeth  and  the  driven  ge^r  has  1 0  teeth,  the  speed 
^  ratio  is  1  to  2<iand  the  speed  of  the  driveivgear  is 
doubled.  The  rule  applies  equally  wyi  when  an 
odd  number  of  tc^th  is  invoh^ed.  If  the  ratio  of  , 
^he  leeth  is  37  to  1  5,  the  speed  r^io  is  slightly 
lesfi  than  2,47  to  1;  in  other  words,  the  drivfng^ 
gear  will  tum  through  almost  two  and  a  half  . 
revolutions  'while  ^he  driven  gear  makes  one 
revolution.  The  gear  with  the  greater  number  of 
teeth,  wliich  will  always  revolve  more  slowly 
than  the  gear  with  the  smaller  number  of  teeth, 
"  will  produce  the  greater  .torque.  Gear  trains 
which  change  speed  always  change  torqut?;  when 
speed    increases,    the    torque  decreases 
proportionally. 


TYPES  OF 
DRIVE  HpCHANISMS 

You  have  just  learned  that  the  torque  and 
the  speed  of  an  engine  may  need  to  be  changed 
to  satisfy  the  torque^ and  speed  requirements  of 
the  driven  mechanism.  The  term  indirect  drive, 
as  used  in  this  chapter, "  describes  a  drive 
mechanism  which  changes  speed  and  torque. 
Drives  of  this^fypc  are  common  to  many  marine 
engine  installations. 

When  the^speed  and  the  torque  of  ^n  engine 
d-o  NOT  need  to  be  changed  to  drive  a  machine 


satisfactorily,^ the  mechanism  used  is  a  DIRECT 
DRIVE.  Drives  of  this  typ^  ^e  pommonly  used 
when  the  engine  fumjshes  power  for  the 
oi^ration  of  auxiliaries,  such  as  ^nerators  and 
pumps. 

INDIRECT  DRIVES 

The  drive  mechanisms  of  most 
engine-powered  ships  and  of  many  boats  are  the 
indirect  type.  With  this  drive,  the  posyer 
developed  by  the  en^e(s)  is  transmitted  to  the 
proDdler(s)  indirectly,  through  an  intermediate 
mc«najiism  which  reduces  the  shaft  speed.  Speed 
may  be  reduced  mechanically,  by  a  combination 
of  gears,  or  by,  electrical  means.' 

Mechanical  Drives       ^  ^  ^ 

Tlie  mechanical  drives  discussed  in  this 
chaptef  include  devices  syhi^h  reduce  the  shaTt 
speed  .of  the  .driven  unit,  provide  a  means  for- 
reversing  the  directiofi  of  ^aft  rotation  in  the 
driven  unit,  and  permit  quick-disconnect  of  the 
drivmg.unit  from  the  dffven  unit.- 

Propellers  operate  most  efficiently  in  a 
relatively  low  rpm  range.  Th^h— mSt  efficient 
designs  of  diesel  engines;  however,  operate  in  a 
relatively  high  rpm  range.  Iri  br&er  that  both  the 
engine  and  propeller  may  operate  efficiently,  the 
drive  mechanism  in  many  installations  includes  a 
device  which  permits  a  speed  reduction  from 
engine  shaft  to  propeller  sliaft.  Jhe  combination 
of  gears  which  brings  Sbout  the  speed  reduction 
is  called  a  REDUCTION  GEAR,  In  most,  diesel 
engine  installations,  the  reduction  ratio  does  not 
exceed  3  to  1.  There  ^  are  Some  units,  however, 
which  have  reductions  as  high  a^  6  to  1 .  < 

Tae  T5Topelling  equipment  of  p'boat  or  a  ship 
must  provide  backing-down  poWer  as  well  as 
forward  motioii  power.  In  a  few  -ships  and  boats 
backing  down  is  accomplished  by  reversing  the 
pitch  of  the  propeller;  in  most  ships,  however, 
backing  down  is  accomplished  by  reversing  the 
direction  of  rotation  of  the  propeller  shaft.  In 
mechanical  drives,  the  "  direction  of  rotation  of 
the  propeller  shaft  is  .reversed  in  one  of  two 
N^ays:  by  reversing  the  direction  of  engine 
rotation;  or  by  using  REVERSE,^GEARS,  Of 
these  two  methods,  reverse  gears  are  more 
commonly  used  in  modern  installations.       ,  * 


er|c 


289 


ENGINEMAN  ^-  iSd  2 


ft- 


The  dri>fe  mechanism  of  a  ship  or  bJvat  must 
do  fliQre  thah  reduce  spee4and  change  direction  ' 
^df'  TOtjitioh.  iMost  dxive  meciianjsms  have.' a 
CUtJTCH,  'which-   disconnect?'  the  ,  'drive 

•  mechanism  from  the  propeller  shaft  ajid  permits- 

•  tht  englile  to  be  operated  without  turning  t^\e 
propeller  shhft.  .      j    .    -  "     '    '    '  ' 

Thc  arrangement  of  the  ocnipenents  in  an 
,  indirect  tJrive  varies,  depending. upon  the  type*' 
.  and  size  of  the  installation.  In  sonie  small 
installations  the  clutch,. the  reverse  gear,  and  the 
reduction  gear  may  be  cpmbtned  in-*a  single  umt. 
In  o<her  installations  the  tiu'tch  and  the  reverse 
gear  may  be  in  one  housing  wi^^the  wductioh 
gear  in  a  separate  housing  attached  to*  the 
reverse-gear  houang.  Drive  mechanisms, arranged 
'in    either    manner    are    usually  called 
TRANSMISSIONS.  The  arrangement-of  r  the 
-  components    in    two  '  different "-^ypes  of 
transmissions  are "  slipwn  in  figures  14-1  and 
14-2. 

In  the  transniission  shown  in  figure  14-1,  the 
housing  is  divided  into  two  sections  by  the 
bearing  carrier.  Tlie  clutch  assembly  is  in  the 


forward,  section-,  ar\d  tjie  gear  'assembly  is  in-the.. 

.^after  spctiCn  of^the  housing.  In  the* transmission  " 
shown, 'in  figure. ^ 4-2,  noie'  that  Xht  clutch 

•  ^l^embly  and  the.  revefse^gear  assembly  ar6  in 
Drfe  housing,  while  the  reduaion-gear  unit'is'in-,a-' 
separate  housing  (attliched  'to  the  Giutcti.and-the;-' 
r.everse-gearvhousing).       .     •;      '  * '  ^  ■ 

■    '  <■  .'■       ■  .  '  . 

;    -In  large  engine- -installatioiis,  the  dutch  arvi*-. 

the  fevenje- gear, may  be  combik'd;  th^yjnay  be 
separate  units,  located  "between  the  engine  and,a 
•  i  separate  reduttion  gear;  or  the  clwtch  may  be 
separate  and  the  reverse  gear  and  yie  reductjon 
gear  may  be  c*ombined.  " 


ared-drive  ,^u^tiple  propeller 


In  ■  most  |ea; 
siiips,  the  propulsion  units"  and  their  drive 
rnechanisms  are  independent  of  each  other.  In 
others,  the  driv^  mechanism  is  arr'i^ged  so  that 
or' more  engines  can  drive  a  single  propeller. 
In  one  newer  type  of  installation,  the  CODOG 

*(c<^nbi nation  diesel  or  gas)  -  sj^stem,  each 
propeller  is  driven  by  a  diesel. engine  or  both 

.propellers  are  driven  by  one  gas  turbine  (fig. 
14-3).  The  diesel  engines  are  used  for  normal 
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puiang  and  maneuvering  ii\  conlWed  waters. 
Each  -diesel  drives  a  propeller  shaft 
independently  of  the  other.!  The  gas  turbine  is 
•used^fdr  high, speed  operation.  The  single  gSLs 
turbine  drives  both  ptbpelier  shafts  through  the 
.driveC,  mechanism.  This  comt>ination  permits  a 
larjge  cruising  range  along-  with  high  speed  when 
needed.  n  , 

The  Navy  uses  maiiy  types  of  jeduction 
^ars,  reverse  gears,  imd  clutches.  You  can  find 
additional  information  on, any  particular  type  in 
the  mSnufacturer's  technical  manual.  - 


Electric  Drives 


Inv  the  propulsion  plants  of  some 
dieselslriven  ships,  there  is  no  mechanical 
connection  bnetween  the  ehgine(s)  and  the 
propeller(s).  Ih  such  plants,  the  diesel  engines 
'  are  connected  directly  to  generators.  The, 
electricity  produced  by  such  an  engine-driven 
generator  is  transmitted  through  cables  to  a 
motor.  The  motor  is  connected  to  the  propeller 
shift  directly,  or  indirectly,  through  a  reduction 
gear.  When  a  reduction  gear  is  includedv.in  a 
diesel-electric  drive,  the  gear  is  located  between 
.the  motor  aq^  the  propeller.  ' 

Jhe  generator  and  the  motor  of  a 
diesel-electric  drive  may  be  the  alternating 
current  (a.c.)  type  or  the  direct  current  (d.c.) 
type.  Almost  all  diesel-clectric  drives  used  by  the 
Navy,  however,^re  the  direct  currect  type.  Since 
^the  speed  of  a  d.c.  motor  varies  directly  with  the 
voltajge  furnished  by  the  generator,  the  control 
system  of  an  electriC-drive  is  arranged  so  that  the 
,  generator  voltage  can  be  changed  at  any.  time. 
An  increase  or  decrease  in  generator  voltage  is 
,used  to  contrql  the  speed  of  the  propeller. 
Generator  voltage  may  be  changed,  electrically, 
by  changes  in  engine  speed,  and  by  a 
conjbination  of  these  methods.  The  controls  of 
an  electric  drive  may  be  located  remotely  from 
the  engine,  such  as  in  the  pilothouse. 

'  In  an  elettric  drive  the  direction  of  rotation 
of  the  ptopeller  is  not  reversed  by  a  reverse  gear. 
The  ele^'trical  system  is  arranged  sgihat  the  How 
of  cuffent  through  the  motor  can  be  reversed. 
This  reversal  of  current  flow  causes  the  motor  to 
revolve  in  the  opposite  direction.  Thus,  the 
directiorj  of  rotation  of  the  motor  and  of  the 


/ 


^propeller  caj^^be  controlled  by  mariipulafing  the^ 
electrical  controls.  '  - 


DIRECT  DRIVES 


In  some  marine  engine  installations,  power 
from  the  engine  .is  transmitted  to  the  drive  unit 
without  a  change  in  shaft  speed;  that  is,  by  a 
direct  drive.  In  a  direct  drive,  the  connection 
between  the  engine  and  the  driven  unit  m'ay 
consist  of  a  "sojid"  coupling,  a  flexible  coupling, 
or  a  combination  of  both.  There  may  or  may 
not  be  a  clutch  in  a  du-ect  drive,  depending  upon 
the  type  of  installation.  Some  installations  have 
a  reverse  gear. 


Solid  Cou]:riin^ 


Solid  type  couplings  my  considerably  in 
design.  Some  solid  coupl/ngs  consist  of  two 
flanges  bolted_^olidly  together  (fig.  14-4).  In 
other  diredt  lri\^ihe  driven  unit  is  attached 
directly  to  (the  engine  crankkhaft  by  a  nut,  as  in 
the  P-250  ce>i|rifugal  fire  pump. 

Solid  coupling  offer  a  positive  means  of 
transmitting  tojque  frdm  the  crankshaft  of  an 
engine;  however,  a  solid  connection  does  not 
allow  for^any  misalignment  nor  does  it  absorb 
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any  of  the  torsional  vibration  transmitted  from 
the  enjJ^ne  crankshaft. 


Flexible  Couplings  :^ 


.  4 


-  Since  solid  couplings  do  not  absorb  vibrStioh 
and  do  nbt  permit  any  ^nisalignment,  most 
direct  drives  consist  of  a  flange- type  coupling 
which  is  used  in  connection  with  a  flexible 
coupling*  Connections  of  the  flexible  type  are 
common  to  the  drives  of  many  auxiliaries,  sueh 
as  engine-generator  sets.  Flexible  couplings  are, 
also  used  in  indirect  drives  to  connect  the  engine 
to  th6  drive  mechanism. 

le  two  solid  halves  of  a  flexible  coupling 
are  joined  by  a  flexible  element.  The  flexible; 
elemjant  is  made  of  rubber,  neoprene,  or  steel, 
spsrfngs.  Two  views  of  one  t>'pe  of  flexible 
couplin^/tfre  shown  irt  figure  14-5.  \' 

This  coupling  has.  radial  spring  packs  as  the. 
flexible  element.  The  power  from  the  engffie  is 


transmitted  from  the  inner  ring,  or  ^pring 

holder,  of  the  coupling  through  a  number  of 

spring  packs  to  the  outer  spring  holdef ,  or  dnVen 

member.  A  large  driving  disk  connects  the  out» 

spring  holder  to  the  flange  on  the  driven  shaft."^ 

The  pilot  on  the  end  bf  the  crankshaft  fits  into  a 

bjRonze  bearing  on  the  outer  driving  disk  to 

center  the  driven  shaft.  The  ring  gear  of  the 

jacking  mechanism  is  pressed  onto  the  rim  of  the 

outer  spring  holder, 
, '  f" 
Tile  inn^r  driving  disk,  through  which  the 

cdmshaft  gear  train  is  driven,  is  fastened  to  the 

outer  spring  holder,  A  splined  ring  gear'^s  bolted 

to  the  inner  driving  disk.  This  helical,  internal 

gear  fits  on  the  outer  part  of  the  crafikshaft  gear 

and    forms    an    elastic    drive   through  the 

crankshaft  gear  which  rides  on  the  cranksliaft. 

The  splined, ring  gear  is  split  and^the  two  parts 

are  bolted  together  with  a  spacer  block  at  each 

split-joint- 

The  Of  ccupn„«  Shown  in  figure 
14-5  are  |kibrica|ed  by  oil  flowing  from  the 
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bearing^  bore  on  the  crankshaft  geai^  through  the 
pilot  bearing,   '  • 


CLUTCHES,  REVERSE  GEARS, 
AND  REDUCTION  GEARS 


Clutches  may  be  used  on  direct-driVe 
propulsion  Navy '  engine^  ta  disconnect  the 
engine  from  the  propeller  shaft.  In  small  engines, 
chitches  are  usually  combined  with  reverse  gears 
and  used  for  maneuvering  the  ship.  In  large 
engines,  special  types  of  clutches  are  used  to 
obtain  special  coupling  or  control  characteristics 
and  to  prevent  torsional  vibration.  ' 

Reverse  ^ars  are  used  on  marine  engines  to 
reverse  the  direction  of  rptation  of  the  propeller 
shaft  for  maneuvering  the  ship,  without 
chan^ngjhe  direction  of  rotation  of  the  engine. 
"KeveTsr^^^e  us6d  principally  on  relatively 
small  engines.  If  a  hi^-putput  engine  has  a 
reverse  gear,  the  gear  is  used  for  low-speed 
operation  only  and  does  not  have  fult-lbad  and 
full-speed  capacity.  For  maneuvering  ships  with 
large  direct-propulsion  engines,  the  engines  are  ^ 
reversed. 

.  Reduction  gears  are  used  to  obtEtin  low 
propeller-shaft  speed  svith  a  high  engine  speed. 
The  gears  correlate  two  conflicting 
requirements. 

(I).  For  minimum  weight  and  size  for  a  giveh^ 
power  output,  engines  must  h^c  a  relatively 
high  rotative  speed.  ^ 

^  a(2)   For  maximum  efficiency,  prc^eilers 
must    rotate,  at    a    relatively    low  |  speed, 
^particularly    where    high   thrust   capacity  is 
desired* 

There  are  many  types  of  transmissions  used 
by  the  Navy.  This  chapter  covers,  in  general,  the 
operation  and  maintenance  of  transmissions  that 
use  friction,  pneumatic,  synchro-^jelf-shifting 
fluid  or  hydraulic,  dog-type,  and 
electromagnetic  clutches«»which  may  be  found 
on  Navy  marine  installations.  You  will  find 
additional  information  on  a  particular  uftit  in 
the  manufacturer's  technical  manual  for  that 
specific  iflstallation. 


FRICnON^  CLUTCHES 
AND  GEAR  ASSEMBUES  ' 

.  Friction  clutches  are  most  conimonly  used 
,  with  smaller,  high-sp^ed  engines,  up  to  500  hp.' 

However,  certain  friction  clutchejs;  in, 
.  combination  with  a  jaw-type  clutch,  are  used 

with  engines  up  to  1,400  hp;  and  pneumatic 

clutches,  with  a  cylindrical  friction' surface,  with 

engines  up  to  2,000  hp. 

There  are  two  geneital'  styles  of  friction 
clutchest  DISK  and  BANDr^They  can  be 
classified  into  DRY  ajid  A^ET  types,  depending 
hn  whether  they  operate  \ with  or  without- a 
lubricant.  v 

Friction  clutches  are  enca^d  by  applying 
force-producing  friction  which  can  Sie  obtained 
either  by  mechanically  jamming  the  friction 

surfaces  together  by  some  toggle-action   

or  through  stiff  springs  (coClleaf,  or  flat-disk 
type).  The  operation  of  friction  clutches  is 
covered  in  the  sections  which  follow. 


Twin-Disk  Qutch 
and  Gear  Mechanism 

■  \  V 

One  of  the  several  types  of  transmissions 
used  by  the  Navy'  is  the  Gray  Marine 
transmission  mechanism.  Grd^y  Marine 
high-speed  diesel  engines  are  generally  equipped 
with  a  combination  clutch,  a  reverse  and 
reduction  gear  unit-alf  contained'  in  a  single 
housing  at  the  gfterend  of  the  engine.  A 
sectional  view  of  this  mechanism  is  shown  in 
figure  14-1. 

clutch  assembly  of  the  Gfay  Marine 
transmission  mechanism  is  contained  in  the  part 
of  the  housing  nearest  the  engine  (the  left  end  of 
fig.  14-1),  It  is  a  4ry-type,  twifMlisk  clutch  with 
{wo  ,  driving  disks.  Each  disk  is  connected, 
through  shafting,  to  a  separate  reduction  gear 
train  in  the  afterpart  of  the  housing.  Oh&^disk 
and  reduction  train  are  for'  reverse  rotation  of 
the  shaft  and  propeller,  the  other  disk  and 
reduction  train  are  for  forward  rotation.  The 
forward  and  reverse  gear  trains  for  Gray  Marine 
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engines  are  illustrated  in  figure  14-6,  In  studying 
'  figurtf|s  1 4- 1  and  14-6  notice  that  the  gear  tirains 
are,  different  in  the  two  .illustrations;  howeverj  ^ 
tH^  operation  of  the  mechanisnls  shown  is 
basically  the  same. 

CLUTCH  OPERATING  LE\4r. -Since  the 
gears  for  forward  and  reverse\^tation'  of  the 
twin-disk  clutch  and  gear  mechaittsm  remain  in 
mesh  at  all  times,  there  is  no  shifting  of  gears.  In 
'  shiftihg  the  mechanism,  only  the  ♦floating  plate, 
located  between  the  forward  and  reverse  disks,  is 
shifted:  The  shifting  mechanism  is  a  sliding 
sleeve,  which  does  not  rotate  but  has  a  loose 
sliding  fit  Around^  the  .hollow  forward  shaft.  A 
throwout  forkjypke)  engages  a  pair  of  shifter 
blocks  pini^^^n^eith^^^^       of  the  sliding  sleeve. 

The    ciute^.'S^^  lever   moves  the 

tlirowout  fork,  wftich  in  turn  shifts  the  sliding 
sleeve  lengthwise  along  the  forward  shaft.  When 


.$UOiM0  SUEVE 


75^252 

Figurt  14-6. -Forward  and  ravtrsc  gtar  traini  for  Gray 
'  «  Mirint  anginei. 


the  operating  lever  is  placed  forward,  f he' sliding 
sleeve  is  forced  backward.  In  ^his  position  th^ 
linkage  of  the  spiing-loaded  mechanism  pulli  ^tiie 
floating  pressure  plate ^•tist  the  forward  disk 
and  causes  forward  rotffllfn;  When  the  operating 
lever  is  pulled  back  as  far  as  it  can  go,  fhe  sliding 
sleeve  is  pushed  forward.  In  this  position,  the 
floating  pgressure  plate  enga^s  the  reverse  disk 
and  backplate  for  reverse  rotation^ 

The  clutch  has  a  positive  neutral  which  is  set 
by  placing  the  operating  lever  in  a  middle , 
position.  Then  the  sliding  sleeve  is  also  in  a 
middle  pDjSition,  and  the  floating  i?Jate  rotates 
freely  between  the  two  clutch  disks.  (Tlie  only 
control  that  the  operator  has  is  to  cause  the 
floating  plate  to  bear  heavily  against  either  the 
forward  disk  or  the  reverse  disk,  or  to  put  the 
'  floating  plate  in  the  positive  neutral  position  so 
that  it  rotates  freely  between  the  two  disks.) 

FORWARD  ROTATION.^As  mentioned 
above,  the  two  clutch  disks  shown  in^gure  1,4-1 
are  separated  from  each  other  by  the  floating 
plate.  Let  us  see, what  happens  when  the  floating 
"plate  presses  against  the  forward  disk-  The 
forward  disk,  in  turn,  is  pressed  against  the  front 
plate,  which  is  bolted  to  and  rotates  with,  the 
engine  flywheel.  The  friction  disk  immediately 
begins  to  rotate  with  the  front  plate,  at  engine 
speed.  The  forward  disk  has  interna}  teeth;  the/ / 
forward  sleeve  has  an  integral  external  gear.  Th6^ 
forward  sleeve  shaft  transmits  the  rotation  to 
the  propeller  shaft  through  the  two-gear  train, 
shown  in  part  A  of  figure  14-6.  (Notice  the 
arrows  which  indicate  the  directions  of 
rotation.) 

REVERSE  ROTATION.-  Reverse  rotation 
occurs  when  the  floating  plate  is  pressed  against 
the  reverse  disk.  In  turn,  the  reverse  disk  is 
pressed  against  the  back  "fitate,  which  -is  also 
bolted  to  the  engine  flywheel  (fig.  14-1).  At 
engine  speed,  the  reverse  disk  begins  to  rotate 
with  the  back  plate.  The  reverse  disk  has  internal 
teeth;  the  reverse  sleeve. has  an  integral  external 
gear.  Tlie  r^erse  shaft  transmits  the  rotation 
through  the  three-gear  train,  shown  in  part  B  of 
figure  14-6.  Notice  the  presence  of  an  idler  gear 
in  the  reverse-gear  train.  This  gear  reverses  the 
direction  of  the  propeller  sliaft  rotation. 
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LUBRICATION. -The  reversing  gear  unit  is 
.  lutfric^ted  separately  trom  the  engine  by 'its  own  ' 
splash  system.  Tlie  oil  level  of  the  [gear  housing 
sfio^d  NEVER  be  kept 'over  thfc  high_mark 
because  too  much  oil  will  cause  th(e  gear  unit  to 
overheat.  The  oil  is  cooled  by  air  biown  through 
the  baffled  top  cover,  by  the  rotating  clutch. 
There  are  grease  fitting  for  bearings  that  are  not 
lubricated  by  the  oi|.  Do  not  overgrease  the 
bearings  in  a  dry  friction  clutch  because  any 
excess  jgrease  that  gets  on  the  friction  plates  will 
caiise  slippage.  To  prevent  binding  caused  by 
rust,  use  a  light  mas^mie^oil  to  lubricate  clutch 
parts  that  do  not'have  pease  fitting. 

OPERATIONAL  ADJUSTMENTS.- Since 
^  the  spring-loaded  clutch-operating  mechanism  is 
pressure-set  at  the  factory,  it  is  not  necessary  to 
adjust  the  mechanism.  .  The  mechanism  is 
designed  tq  follow  up  and  to  compensate  for 
wear  on  Jthe  friction  plates.  The  simplest.way  to 
determine  when  the,  disks-need  to  be  replaced  is 
to  check  the  position  of  the  plunger  in  the 
engaged  position.  ThS  plunger  is  permitted  to 
travel  a  specified  amount  in  accordance  with  the 
manufacturer's  instructions.  The  gears  are  keyed 
to  their  shafts,  mounted  on  ball  bearings  in 
*  permanently  tlxed  centers,  and  require  no 
adjustment. 


Friction  Clutch  Troubles 

Difficulties  wWch  may  necessitate  repair  of 
friction  clutches  will  vary,  depending  upon  the 
classification  of  the  clutch  (wet  or  dry,  disk  or 
band)  and  also  ypon  the  nietliod  of  operation 
(hand, ^hydraulic,  pneumatic,  vacuum).  The 
troubled  discussed  in  this  section  slippage  and 
wear,  freezing;  and  noise  -are  commpn  to  most 
friction-type  clutches,  ^ 

\ 

SLIPPAGE  AND  WE^.  It  is  difficult  to 
consider  slippage  and  wear  separately,  since  each 
can  be  the  cause  of  the  other,  a«d  each 
jfntensifies  the  other's  effect.  Slippage  generally 
occurs  at  higii  engine  speed  when  the  engine  is 
delivering  the  greatest  torque.  Slippage  causes 
lowered  efficiency, "  loss  ^f  power,'  and  rapid 
wear  of  the  clutch  friction  surfaces. 


There  are  several _  possible  causey x>f  ^Hutch 
slippage:  wear,  insufficient  pressure,  overloabv 
and  fouling.  *   .  .  <  v 

Ov6r  a .  perkxl  off  operation,  extended 
engaging.iand  disenga^g  of  the^sui-faces  will 
cause  a  normal  amount  of  wear,  ,  and  if  the 
^rfaces  are  .rough,  wear  wUl  be  excessive. 


/hen  a  frictigm  clutch  is  being  overhauled/ 
care  must  be  taken  not  to  damage  the  bearing 
surfaces;  small  nicks  must  be  stoned,  and  if  the 
scoring  is  ^rious,  the  damaged  surface  must  be 
refmished,  or  the  part  must  be  jeplaced.  Since 
.  water  has  a  deteriorating  ^ect  on  clutch 
facings,  every  effort  must  be  made  to  keep 
dry-type  clutches  free  of  water. 

Do  not  engage  the-  clutch  while  racing  the 
engine.  It  may  cause  excessive  wear,  and  it  will 
strain  the  entire  drive  system. 

§ome  types  of  friction  clutches  are  not 
adjustable  but  are  dependent  upon,  the  initial 
compression  in  the  pressure  springs.  Jwin-disk 
clutches,  such  as  those  on"  the  Gray  Marine 
engines,  have  a  spring  pressure  system.  The 
springs  should  be  .checked  whenever  the  clutch  is 
disassembled.  Checking  should  be  done  with  a 
spring  tester;^  however,  if  none  is  available,  a 
check  on  the  free  lengths  of  the  springs  will  give  ^ 
an  indica)hTnv,pf  their  condition:  Consult  th^ 
manufacturer's  technical  manual  for  the  proper 
values. 

When  an  engine  is  overloaded,  torque  may 
be  increased  to  such  an  extent  that  slippage  will 
occur.  Obviously,  this  trouble  can  be  ^prevented 
by  keeping  the  load  within  specified  limits. 
Whenever  an  engine  is  fully  loaded,  N^atch  for 
symptoms  which  indicate  slippage. 

A  dry-type  clutch  may  slip  when  the  lining 
surfaces  become  fouled  with  oil,  grease,  or 
water.  Oil  or  grease  on  the  clutcft  surfaces  is 
usually  the  result  of  careless  maintenaffce 
procedures,  such  as  using  too  much  grease  in 
lubricating  or  overfilling  the  gear  case  with  oil 
When  oil  in  a  g'^ar  "case  foams,  there  will  be 
leakage  from  the  shaft  bearings.  Foaming  may 
be  caused  by  air  leaks  in  the  oil  suction  line  or 
by  overfilling.  When  foaming  occurs,  inspect  all 
lube  oil  lines  for  air  leaks,  and  ch6ck  for  proper 
oil  level 

When  filling  a  reductioi  gear  case,  add  only 
enough  oil  to  bring  the  Ikhl  up  to  the  FULL 
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mark.. Do  not  add  or  meaiurfe  oil  when  the  unit 
Is  in  operation,  because  you  will  not  get  an 
accurate  oil  reading.  • 
•    -  -*  .      •  '  - 

In  a  twin-disk  clutch  installation,  sto  oil  leak 
in  the  reiw  main  bearing  of  the  engine  may  cause 
oil  to  appfear  on  the  clutch  surfaces.  Tlie  leakage, 
maylbe  caysed  by  excessive  baring  clearance, 
overfilling  of  the  engine  crankcase,  a  plugged 
crankcase  "breather  cap,--pr  exc^ve  piston 
blowby;  the  -crankcase  wjbather  cap  must  be 
'  cleaned  periodically  to  prevjefltit-from  bec<^^g 
ctoggcd. 

Another  source  t)f  foulihg  is  grease  that  may 
get  on  a  ciry-type  dutch  dming  overhaul.  Do  not 
handle  the  parts  with  greasy  h^ds,  and  remove 
any  grease  deposits  with  an  approved  cleaner. 
For  the  pneumatically  operated  friction 
clutches,  where  rubber  parts  are  used,  use  only  a 
dry  cloth  on  clutch  facings. 

When  there  is  clutch  slippa^,  immecfiately 
take  steps  to  correct  the  .trouble.  The  clutch 
surfaces  are  probably  wpn\,  so  check  the 
thickness  of  the  clutch  lii4ngs>Wheh  a  lining  is 
worn  excessively,  replace  it;  tightening  the 
adjusti^^  device  will  not  correct  excessive 
surface  wear.  Iqgtead,  such  adjustments  may 
lead  to  the  scoring  of  the  mating  clutch  surfaces. 

FROZEN  CLUTCH. -When  a  clutch  fails  to 
disengage,  it  is  said  to  be  "frozen."  Failure  to 
disenpge  may  be  caused  by  a  defective  clutch 
mechanism  or  by  water  in  the  clutch  linings, 

JVlien  a  clutch  becomes  frozen,  inspect  the 
operating  mechanism.  Check  the  control  rods 
for  obstructions  or  loose  connections,  and  check 
for  excessive,  clearances  in  the  throwout  bearing 
pressure  plate,  the  pivots,  and  the  toggles.  In  a 
twin-disk  clutch j  -fbvarped  disks  will  cause  the 
clutch  to  freeze.  (Warped  disks  are  caused  by 
extended  running  in- neutral  position.) 

If  a  dry-type  clutch  has  molded-type  clutch 
linings,  moisture  will  cause  the  linings  to  swell 
and  to  become  soft.  When  this  occurs,  many 
linings  tend  to  stick  to  the  mating  surfaces. 
Every  effort  should  be  made  to  prevent  moisture 


from  getting  to  the  clutch  linings.  If  a  molded 


Iming  becomes  wet,  let  it  dry  in  the  jUsengaged 
position.  Allowing  the  linings  to  dry  in  the 
engaged  position  increases  the  possibility  of 
sticking.  '  ; 

CLUTCH  NOISE.+'Dry-type  -clutches  tnay 
produce  a  chattpring  poise  when  the  clutch  i» 
being  engaged.  Excessive  clutch  chatter  may' 
cause  damage  to  the  reverse  and  reduction  gears, 
and  may  cause  the  xlutch  linings  to  break  loo^, , 
resulting  in  complete  clutch  failure. 

The  principal  cause  of  clutch  chatter  is  oil, 
grease,  or  water  on  the  linings.  Every  possible 
precaution  should  be  taken  to  keep  oil,  grease, 
or  water  out  of  the  unit,  because  replacement  of 
the  Uriings  is  the  only  satisfactory  means  of 
repair.  All  metal  parts  of  the  clutch  must  be 
cleaned  in  acc<^rdance  with  the  manufacturer's 
instructions. 


AIRFLEX  CLUTCH 
AND  GEAR  ASSEMBLY 


On  the  larger  diesel-propelled  ships,  the 
clutch,  reverse,  and  reduction  gear  unit  has  to 
*  transmit  an  enormous  amount  of  power,  to 
maintain  the  Weight  and  siie  of  the  mechanism 
as  low  as  possible,  special dutdies  have  been 
designed  for  large  diesel  installations.  One  of 
.  these  is  the  airflex  clutch  and  gear  assembly  used 
with  ,  General  Motors  1 2-567  A  engines  on  LSTs. 

The  airflex  clutch  and  gear  assembly  shown 
in  figure  14-7  consists  of  two  clutches,  one  for 
forward  rotation  and  one  for  reverse  rotation. 
The  clutches  are  bolted  to  the  engine  flywheel 
by  a  steel  SPACfeR,  so  that  they  both  rotate 
with, the  engine  at  all  times  at  any  engine  speed. 
Each  clutch  has  a  flexible  tire  (^and)  on  the' 
inner  side  of  a  steel  shell.  Before  the  tires  are 
inflated,  they  will  rotate  out  of  contact  with  the 
drums,  which  are  keyed  to  the  forwarfl  and 
reverse  drive  shafts.  When  air  undei^  presssure 
(1CM3  psi)  is  forced  into  one  of  the  tires,  the 
^0  inside  diameter  of  the  clutch  decreases.  This 
causes  the  friction  blocks  on  the  inner  tire 
surface  to  come  in, contact  with  the  clutch 
drum,  locking  the  drive  shaft  with  the  engine. 
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Fiflurs  14-7.-autch  and  revsit^-reckiction  gur  uMmUy. 


Forward  Rotation 


The  parts  of  the  airflex  clutch  which  give  the 
propeller  ahead  rotation  are  illustrated  in  the 
upper  view,  of  figure  14-7.  The  clutch  tire 
nearest  the  engine  (forward  clutch)  is  inflated  to 
contact  'and  drive  the  forward  drum  with  the 
engine.  The  forward  drum  is  keyed  to  the 
forward  drive  shaft,  which  carries  the  double 
helical  forward  pinion  at  the  afterend  of  the  gear 
Jjox.  The  forwardpinion  is  in  constant  mesh 
with  the  double"^lical  main  gear,  which  is 
keyed  to  the  propeller  shaft.  By  following 
through  the  gear  train,  you  cdn  see  that/  for 

/ 


ahead  .motion,  the  propeller  rotates  in 
direction  opposite  to  the  engine's  rotation. 

Reverse  Rotation 


The  parts  of  the  airflex'Clutch  which  give  the 
propeller  astern  .  rotation  jpe  illustrated  in  the 
lower  view  of  figure  14-7.  The  reverse  clutch  is 
ihflated  to  engage  the  reverse  drum,  which  is 
then  driven  by  the  engine.  The  reverse  drum  is 
keyed  to  the  short  reverse  shaft,  which 
surrounds  the  forward  drive  shaft.  A  large 
reverse  step-up  pinion  transmits  the  motion  to 
the  large  reverse  step-up  gear  on  the  upper  shafts 
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The  upper  shaft  rotation  is  opposite  to  the 
engine'sT  rotation.  iTie  main  reverse  pinion  on 
the  upper  shaft,  i* in  constant  mesh  with  the 
main  gear.  By  tracing  through  the  gear  train,  yoy 
will  see  that,  for  reverse  rotation,  the  propeller 
rotates  in  the  same  djre<;tion  as  the  engine. 

The  diameter  of  the  main  gear  of  the  airflex 
clutch  is  approximately  2  1/2  times  as  great  as 
that  of  the  forward  and  reverse  pinions.  Thus, 
there  is  a  speed  reduction  of  2  1/2  to  1  from 
either  pinion  to  the  propeller  shaft,       *  ' 

Since  the  forward  and  main  reverse  pinions 
are  in  constant  mesh  with  the  main  gear,  the  set 
of  gears  that  is  not  clutched  in  will  rotate  as 
idlers  driven  from  the  main  gear.  The  idling  g^rs 
rotate  in  a  direction  opposite  to  their  rotation 
when  carrying  the  load.  For  example,  with  the 
forward  clutch  engaged,  the  main  reverse  pinion 


rotates  in  a  direction  oppoiite  to  its  rotation  for 
astern  motion  (note  the  jdotted  arrow  in  the 
upper  vi^w  of  figiire  14/?).  Since  the  dmms 
rotate  in  opposite  ^^eitions,  •  a  control 
methanism  is^mstflled  to  prevent  the 
engagement  X)f  both  cUitches  simultaneously. 

Airflex  Clutch  Control  Mechanism 

The  '  airflex  clutch-  is  controlled  by  an 
operating  *lever  which  works  the'  air  control 
housing,  located  at  the  afterend  of  the  forward 
pinion  shaft.  The  control  mechanism,  shown 
with  the  airflex  clutches  in  figure  14-8,  directs 
the  high-pressure  air  into  the  proper  paths  to 
inflate  the  clutch  glands  (tires)-  The  air  shaft, 
which  connects  the  control  mechanism  to  the 
clutches,  passes  through  the  forwafd  drive  shaft. 
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14<a.— Airfl^  dutches  and  control  valves. 
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.  The  supply  air  enters  the  control  housing 
through  the  air  check  valve  and  must  pass 
through  the  small  air  orifice.  The  restricted- 
orifice  delays  the  infl^on  of  the  clutch  .to  be 
engaged  during  shifting  from  one  direction  of 
rotation  to  the  other, , The  delay  i#  necessary  to 
allow  the  other  clutch  to 'be  fully  deflated  and 
■^Qut-'of  t^tact  with  its  driim  before  the  inflatjng- 
clutch  cdn  make  contact  with  its  drum. 

•  The  supply  air  goes  to  the  rotary  air  joi^s  in 
X,  which  a  hollow  carbon  cylinder  is  held  t^  the 
valve  shaft  by  spring  tension,  oceventing  leakage 
between  the  stationary,  carbon  seal  and  rotating 
air  valve  shaft;.Tlie  air  goes  from  the  rotary  joint 
to^  the  foui-way  air  valve.  The  sliding-sleeve 
assembly  of  the  four-way  valve  can  be  shifted 
endwise  along  the  valve  shaft  by  operating  the 
control  lever. 

When  the  shifter  arm  on  the  control  lever, 
slides  the  valv<Nassenib]y  away  from  the  engine, 
air  is  directed  to  the  forward  clutch.  Tlie 
four-way  valve  makes  the  connection  between 
the  air  supply  and  the  forward  clutch.  There  are 
eight  neutral  ports  which  cennect  the  cenfral  air 
supply  passage  in  the  valve  shaft  with  the  scaled 
air  chamber  in  the  sliding  member,  hi  the 
neutral  position  of  the  fou^Way  valve,  as  shown 
in  figure  1 4-8,  the  air  chamber  is  a  dead-end  for 
the  supply  air.  With  the  sliifter  arm  in  the 
forward  position,  the  sliding  member  uncovers 
eight  forward  potts,  .which  tx>nnect  with  the 
forward   passages  conducting  the  air  to  the 
.  forward  clutch.  The  ait  now  flows  through  the 
neutral  ports,  air  chamber,  forward  ports,  and 
forward  passages  to  inflate  the  forward  clutch 
gland.  As  long  as  iki  shifter  arm  is  in  the 
forward  position,  the  forward  clutch  will  remain 
inflated,  and  the  entire  forward  air  system  will 
remain  at  a  pressure  of  1 00  psi. 

At  this  point,  let  us  assume  that  the  bridge 
signals  you  to  reverse  the  propeller.  You  should 
pull  the  operating  lever  back  to  neutral  position 
and  hold  it  there  for  2  or  3  i^conds  (as  a  safety 
factorX^Then  pull  the  lever  to  the  reverse  idling 
position  and  wait  about  7  setxjnds,  after  which 
the  reverse  clutch  is  fully  engaged.  Then  you  can 
mcrease  the  reverse  speed  to  whatever  the  bridge 
has  ordered. 
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Why  was  it  necessary  to  pause  at.neu4ral  and 
at    reverse   idling   positions,   and  has 
happened    in    the    air   control  ancfclutch* 
.  mechanism?.  When  you  shift  to  neytral,  the 
forward    p6rts    are    uncovered,    and  the 
compressed  4ir-  from  the  forward  cjutch  and 
passage  vents  to  the  atmosphere.  In  deflating 
either  clutch,  the  air  is  vented"  through  eight 
ports  approximately  the.  same  size  as  the  air 
oritlce,  so  that  deflating  either  clutch  actually 
^requires  1  or  2  seconds.  Pausing  for  2  or  3 
seconds  at  neutral  allows  enough  time  for  the 
,.  forward  clutch  to-  deflate  and  disengage  before 
you  start  inflatinglhe* reverse  clutch. 

When  you  shift  to  reverse  idling,  the  afr 
chamber  comes  over  the  eight  reverse  ports 
.  which  open  to  the  central  reverse  passage  in  the 
air  shaft.  The  compressed  air  begins  to  inflate 
the  reverse  clutch  immediately;  the  inflating  air 
must  pass  through  the  single  air  orifice  in  the 
supply  line,  causing  a  delay  of  about  7  seconds 
to  fully  inflate  a  clutch.  When  the  clutch  is  in 
•the  reverse  idling  position,  wait  until  the  reverse 
clutch  is  fully  engaged  before  increasing  the 
speed  to  prevent  darnaging  the  clutch  (by 
slipping),  tt  is  impossible  to  have  both  clutches 
engaged     the  same  time.         ,  ^ 

Lubricatioiv  . 

Most  large  gear  units  have  a  separate 
lubrication  system.  The  lubricating  system  for 
the  General  Motors  12-567A  unit  is  shown  in 
figure  14-9.  The  oil  is  picked  up  from  the  gear 
box  by  an  electric-driven,  gear-type  lubricating 
oil  pump  and  is  sent  through  a  strainer  and 
cooler.  After  being  cleaned  and  cooled,  the  oil  is 
returned  to  the  gear  box  to  cool  and  lubricate 
the  gears.  In  twin  installations,  such  as  shown  in 
figure  14-9,  a  separate  pump  is  used  for  each 
unit  and  a  standby  pump  is  interconnected  for 
emergency  use.  ^ 

HYDRAULIC  CLUTCHES  (COUPLINGS) 

f 

The  fluid  clutch  (coupling)  is  widely  used  in 
Navy  ships.  A  hydraulic  coupling  eliminates  the 
need  for  a  mechanical  connection  between  the 
engine  and  the  reduction  gears.  Power  is 
transmitted  through  hydraulic  couplings  very 
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efficiently  (97%)  without  transmitting  torsional 
vibrations  or  load  shocks  from  the  engine  to  tiie 
reduction  gear.  The  power  loss, from  the  small 
amount  of  slippage  is  transformed  into  heat 
which  is  absorbed  by  the  oil  in  the  system.  Some 
slippage  is  necessary  for  operation  of  the 
hydraulic  coupling,  sirtce  torque  transmission 


depends  on  relative  motion  between  the  two 
rotors- 
Hydraulic  Coupling  Assemblies 

The  two  rotors  and  the  oil-sealing  cover  of  a 
tyi;^l  hydraulic  coupling  are  shown  in  figure 


ERIC 


301 


3^2 


ENGINEMAN-3  &  2 


14-10.  The  primary  rotor  (impeller)  is  attached 
to  the  engine  crankshaft.  The  secondary  rotor 
(runner)  is  attached  to  the  reduction  gear  pinioir 
shaft.  The  cover  is  bolted  to  the  secondary  rotor 
and  sunxjunds  the  primary,  rotor,' 

Before  proceeding  with  the  assembly  of  the 
.rotors  and  the  shafts  in  the  coupling  housing, 

study  the  structure  of  the  rotors  themselves. 

Each  rotor  is  shaped  concave  with  radial 
'partitions.  A  shallow  trough  is  welded  into  the 

partitions  around  the  inner  surface  of  the  rotor. 

The  radial  passages  tunnel  under  this  trough  (as 

indicated  by  the  white  arrows  in  fig,  14-10). 

When  the  coupling  is  assembled,  the  two 
rotors  are  placed  facing  each  other  to  complete  a 
circle  (fig.  14-1 1).  The  rotors  do  not  quite  touch 
each  other;  the  clearance  between  them  is  1  /4  to 
5/8  inch,  depending  on  the  size  of  the  coupling. 
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(RUNNEFf) 


RADIAL 
PASSAGE 


RADIAL 
PASSAGE 


PRIMARY  ROTOR 
(IMPELLER) 


EMPTYING 
HOLES • 


COVER  OR 
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Figur*  14-10. -Runner,  imp«ll«r,  and  cowar  of  hydrauik: 

coupling. 
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Figure  14-11.— Hydraulic  coupling  assembly. 


The  curved  radial  pkssages  of  the  two  rotors  are 
opposite  each  other,  so  that  the  outer  passages 
combine  to  make  a  circular  passage  except  for 
the  small  gaps  between  the  rotors. 

In  the  hydraulic  coupling  assembly,  shown 
in  figure  14-11,  the  driving  shaft  is  secured  to 
the  engine  crankshaft  and  the  driven  shaft  goes 
to  the  reduction  gear  box.  The  oil  inlet  admits 
oil  directly  to  the  rotqr  cavities  which  become 
completely  filled.  The  rotor  housing  is  bolted  to 
the  secondary  rotor. and  has  an  oil-sealed  joint 
with  the  driving  shaft.  A  ring  valve,  going 
entirely  around  the  rotor  housing,  can  be 
operated  by  the  ring  valve  mechanism  to  open  or 
close  a  series  of  emptying  holes  (fig,  14-11),  in 
the  rotor  housing.  When  the  ring  valve  is  opened, 
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the  oil  wilUly  out  from  *th^  rotor  housing  into 
the  coupling  housing;  draining  the  coupling  ^ 
completely  in  2  or  3  seconds.  Even  ^when  the 
ring  valve  is  closed,  sofne  oil  leaks  out  into  the 
coupling  housing,  ancj  additional  oil  enters 
through  the  inlet..  From  the  coupling  housina 
the  oil  is  drawn  by  a  pump  to  a  Cooler,  then  serft 
^'back  to  the  coupling. 

Another  coupling*  assembly  used  in  several 
Navy  ships  is   the  hydraulic  coupling  with 
PISTON  TYPE,  quickidumping  valves,  shown  in 
'  figure  14-12.  In  thia  coupling,  in  which  the 
operation  is  similar  to  the  one  descTibed  above,  a 
^.^ries  of  ptston  valves,  around  the  periphery  of 
1     the  rotor  housing,  are  normally  held  in  the 
closed  position  by  springs.  By  means  of' air  or  oil 
'  pressure  admitted  to^  the^valves,  as  shown  in 
figurp  14-12,  the  pistons  are  moved  axially  to 
'  uncover  drain  ports',  allowing  the  coupling  to 
empty.  The  piston-valve  clutching  is  used  where 
extremely  rapid  declutching  is  not  required.  It 
offers  greater  simplicity  and  lower  cost  than  the 
ring-valve  coupling. 

Another  itype  of  self-contained  unit  for 
certain  diesGl-engine  drives  is  the  SCOOP 
CONTROL  COUPLING,  shown  in  figure  14-13. 
In  couplings  of  this  type,  the  oil  is  picked  up  by 
one  of  two  scoop  tubes  <one  tube  for  each 
direction  of  rotatipn),  mounted  gn  the  external 
manifold.  Each  scoop  tube  contains  two 
passages:  a  smaller  one  (outermost)  which 
handles  the  normal  flow  of  oil  for  cooling  and 
lubrication  aud  a  larger  one  which  rapicily 
'  transfers  oil  from  the  reservoir  directly  to  the 
working  circuit. 

The  scoop  tubes  are  .Operated  from  the 
control  stand  through  a  system  of  linkages.  As 
one  tube  moves  outward  from  the  shaft 
centerline  and  into  the  oil  annulus,  the  other 
tube  is  being  retracted. 

Four  spring-loaded  cent^ngal  valves  are 
mounted  on  the  primary  rotor.  These  valves  are 
arranged  to  open  progressively  as  the  speed  of 
the  primary  rotor  decrta«^s.  The  arrangement 
provides  the  necessary  oil  flow  for3:ooling  as  it 
is  required.  Quick-emptying  pist6n  yalves-  are 
provided  to  rapidly  empty  the  circuit  when  the 
scoop  tube  is  withdrawn  from  contact  with  the 
rotating  oil  annulus. 

Under  normal  circulating  conditions,  oil  fed 
into  the  collector  ring  passes  into  the  piston 


vsive  control' tubes.  These  tubes  and  connecting 
passages  conduct  oil  to  the  outer  end  of  the 
pistons.  The  centrifugal  force  ,of  thc-  oil  in  the 
clfentrol  tube  •holds  the  piston  against  the  valve 
,piprt,  thus  sealing  off  the  cin^ut.  When  the'scoop 
tv^is  withdrawn  from  the  oil  annulus  in  the 
re^^oir,^  the  circulation  of  biV  wfll  'be 
interrupted^  and  the  oil  in  the  control  tubes  will 
be  discharged  through  the  orifice  in  the  outer 
end  of  the  piston  housing.  This  releases  the 
pressure  on  the  pisjtan  and  allows  it  to  move 
outward,  th\is  opening  the  port  for  rapid 
discharge  oroil.  Resumption^  of  oil  flowTrom 
the  scoop  tube  will  fill  the  control  tubes,  and 
the  pressure  will  move  the  piston  to  the  closed 
position, 

Pruiciples  of  Operation     .  ' 

<  *  *■ 

Now  you  can  see  what  happens  in  the 
coupling  when  the  engine  is  started  and  the 
coupHng  is  filled  with  oil  The  pftmary  rotor 
turns  with  the  engine  crankshaft.  As  the  primary 
rotor  turns,  the  oil  in  its  radial  Ri^j^ges  flows 
outward  under  centrifugal  force-  (Sw  arrows  in 
fig,  14-1  L)  Tliis  forces  oil  across  the  gap  at^the 
outer  edge  of  the  rotor  and  into  'the  radial 
passages  of  tlie  secondary  rotor,  where  the  oil 
flows  inward.  The  oil  in  tlie  primary  rotor  is  not 
only  flowing  obtward,  but  is  also  rotating.  As 
the  oil  flows  over  and  into  the  secondary  rotor, 
it  strikes  the  radial  blades  ii^he  rotor. 

The  secondary  rotor  scfcn  begins  to  rotate 
and  pick  up  speed,  but' it  will  always  rotate  more 
slowly  than  the  primary  rotor  because  of  drag 
on  the  secondary  shaft.  Therefore,  the 
centrifugal  force  of  the  oil  in  the  primary  rotor 
will  always  be  greater  than  that  of  the  oil  in  the 
secondary  rotor.  This  causes  a  constant  flow 
from  the  primary  rotor  to  the  secondary  rotor  at 
the  outej  ends  of  the  radial  passages  and  from 
the  secondary  rotor  to  the  primary  rotor  at  the 
inner  ends. 

Hydraulic  Coupling  Troubles 

Troubles  which  may  be  encountered  with  a 
quick-dumping  type  hydraulic  •  coupling  are: 
DUMPING  WHILE  UNDER  LOAD  or 
EXCHSSIVE  SLIPPAGE.  These  troubles  are 
^merally  caused  by  the  plugging  of  the  pressure 
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Figura  14-ia"-Sc<¥)p  cont^  jiyditulic  coupling. 


*  relief  noxzlfes  located  in  the  periphery  of  the 
secondary  rotors  (fig.  14-12).  These  nozzles  ^ 
consist  of  drilled  Allen  setscrews,  ^mounted  in, 
the/  secondary  'rotor  at  the  ends  of  the  radial 
tubes  4hat  feed  air  or  oil  to  the  dumping  valves. 
The  nozzles  pefmit  the  feeder  tubes  to  drain 
when  the  air  or  oil  supply  valve  is  close4,  thus 
allowing  Uie  dumping  valve  to  return  to  the 
closed .  position.  The  nozzles  also  permit  the 
draining  of)  any  oil  that  ha§  leaked  past  the 
control  valVe  when  shu|. 

There   are   also^^  leak-off  nozzles  in  the 
periphery  of  the  secondary  rotor  at  the  base  bf 
'the  dumping  valves.  The  leak-off  fiozzles  serve  as 
flushing  exits   for  the  valves  and  allow  a 

^contmual  flow  of  oil  past  the  inlet  port  of  the 
dLnlpin^  calves.  The  oil  washes  away  any 
particles  of  foreign  matter  that  may  have  a 

^  tendency  to  collect  as  a  result  of  the  centrifugal 
action  of 'the  coupling. 

The  best  way  to  prevent  i  hydraulic 
coupling  frdm  dumping  while  under  load  is  to 
keep  the  oil  system  free  from  foreign  matter. 


Ga§ket  compound  2ind  shreds  of  ciDpper  from  oil 
tube-  packings  /often  cause  .trquBle.  Every 
possible  precaution  must  be,  taken  tp  keep  the 
oil  system  clean  from  fojeign  jnatefial.  To  aid  in 
this,  tfie  system  has  a  strainer  Which  effectively 
catches,  or  traps,  most  of  the  foreign  mat-ter  that 
may  reach-  the  nozzles.  All  nozzles  must  be 
blown  out  during  each'overhavi^ 

If  nozzles  becpme  clogged  during  operation, 
it.  is  po^ble  to  clear  them  by  operating  the 
jumping  control  several  tim^  Thi^action  may 
blbw  the  obstruction  through  *the  nozzle 
opening.  If  this  Method /ails^it  wiU  be  necessary 
to  secure  tlie  engine  and  remove  •and  clean  t}\e 
nozzles, 

INDUCTIpI^  COUPLINGS     *  . 

Couplings  of  the  induction  type  are  used  in 
le  ships  in  the  Navy.  (See  fig.  14-14.)  These 
couWigs-in  which  the  induced  current  apgears 
as  eddy  currents- are  used  to  transmit  torque 
from  tlie  prime  mover  to  variable  frequency 
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Figura  14^14. -Iixjuctton  axiisling. 


generators  and  are  also  used  in  propulsion 
systems.  The  excitation  current  is  induced  into 
the  coils  of  the  outer  members  through  collector 
rings  and  brushes. .  When  used^ln  propulsion 
Xysteins,.  the  induction  coupling  provides 
torsional  flexibility  between  the  prime  mover 
and  the  propeller  sliafts.  Instant  disconnecting  is 
accomplished  by  deenergizing  the  coup]ia| 
excitation  circuit.  The  induction  coupling  limiS 
maximum  torque  by  pulling  out/of  step  when 

. excessive  torque  is  applied.  On  installations  that 
have  'more  than  one  engine  per  shaft,  the 
induction  coupling  pennits  rapid  maneuvering 
by   allowing  selection  of  either  forward  or 

»  reveree  running  engines;  the  coupling  allows  for 
a  small  amount  of  misalignment. 

In  operating  equipment  that  has  induction 
couplings,  observe  the  following  directions  and 
precautions. 

1.  Do  NOT  attempt  to  alter  plant 
perfonnance  by  changing  control  settings 'to 
settings  other  than  those  recomniended  in  the 
.manufacturer's  technical  manual. 


2.  Ensure  that  the  coupling  does  not 
overheat  because  of  insufficieht  ventilation 
when-  the  fields  rotate  at  slow^speeds. 

.  3.  Ensure  that  proper  alignmejat  is 
maintained  (although  most  clutches  of  this  type 
are  ca'paljle  of  operating  satisfactorily  with  a 
limited  amqunt  of  misalignment). 

4.  Be^  thoroughly  familiar  with  the  means 
to  permit  the  rotaflting  members  to  be 
mechanically  coupled  in  the  event  of  total 
failure  of  the  coupling  or  excitation  system. 

5.  Be  thoroughly  familiar  with  any 
interlocks  which  serve  to  PREVENT: 

—  a.  Operation  at  reduced  excitation 
EXCEPT  when  the  prime  mover  is  operating  at 
specified  reduced  speeds. 

b.  Excitation  .  of  the  field  windings 
UNLESS  the  throttle  control  is  in  the  proper 
position. 

c.  Excitation  of  the  field  windings 
UNLES^the  shaft  turning  gear  and  shaftlocking 
devices  are  disenga^^^ 

d.  Excitation  of  the  field  windings  at  a 
time  when  the  clutch  would  turn  the  driven  gear 
counter  to  the  direction  in  which  it  is  already 
being  driven  by  another  coupling  or  clutch. 

DOG  CLUTCHES 

Pog  type  clutches  ensure  a  positive  drive 
without  slippage  and  with  a  minimum  amount 
of 'wear  (tig.  14-15).  Dog  clutches  perform 
basically  the  same  function  as  friction  clutches 
in  that  they  allow  the  engine  shaft  to  be 
disconnected  from  the  propeller  shaft. 

In  some  installations  a  friction  clutch  is  used 
in  conjunction  with  the  dog  clutch.  Tlie  friction 
cjutch  (or  synchronizing  clutch)  synchronizes 
the  speed  of  the  shafts  and  then  the  dog  clutch 
is  engaged.  The  engagement  of  the  dog  clutch 
eliminates  any  slippage  and  holds  wear  to  a 
minimum  oh  the  friction  clutch.  A  combination 
friction  and  dog  clutch  is  shown  in  figure  14-1-6. 

Any  difficulty  encountered  in  engaging  the 
dog  clutch  will  probably  be  due  to  burrs  on  the 
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f  i^tm  1 4-1 6. -Th#  synchronizing  clutch. 


dogs  or  to  misalignment  of  the  mating  parts.  The 
dogs  may  become  burred  through  normal  usage. 
DisassejTible  the  clutch  and  dress  down  the  burrs 
with  a  small  handgrindar.  When  the  damage  is 
extensive  and  you  cannot  satisfactorily  remove 
the  burrs  by  grinding,,  replace  the  parts.  If  the 
difficulty  in  engaging  a  dog  clutch  is 
intermitteftt,  misalignmerrt  is  probably  the 
cause.    When    this    condition    exists,  try 


disengaging  the  clutch  fully  and:then  engaging  it 
again.'  It  may  be'^that  the  mating  do^  are 
prevented  from  shifting  their  relative  positions 
by  the  synchronizers  used  to  aid  in  bringing  the 
two  shafts  to  equal  speed,  Releasjng^the  pressure 
on  the  engaging  mechanism  will  usually  permit 
relative  motion  between  the  mating  dogs. 

SYNCHRO-SELF-SH^FTING 
CLUTCH  (SSS) 


An  SSS  clutch  is  a  positive,  tqoth-type 
overrunning  clutch  which  is  self-engaging  when 
the  speeds  of  the  driving  and  driven  shafts  pass, 
through  synchronism.  Engagement  and 
disengagemenli  are  completely  automatic.  Th^ 
clutch,  begins  to  disengage^  immediately  when 
there  is  a  reversal  of  torque.  Satisfactory 
operation  of  the  SSS  clutch  is  not  dependent  on 
servo  mechanisms  or  controls  with  interlocks. 


BEARINGS 

A  propeller  exerts  a  thrust  on  a  ship  which  it 
is  driving  through  the  water.  The  axial  thrust 
through  the  propeller  shaft  *has  to  be  taken  up 
somewhere  along  the  shaft.  Therefore,  a 
THRUST  BEARING  is  generally  installed  at  the 
forward  end. 

In  *  the  reduction  and  reverse  gear,  units 
described  in  this  chapter,  a  thrust  bearing  is 
mounted  in  the  gpar  box.  This  is  the  usual  setup 
on  smaller  ships.  The  m&st  widely  used  is  the 
Kingsbury  thrust  bearing. 

A  two-shoe  Kingsbury  thrust  bearing'  is 
shown  in  figure  14-17.  (Tlie  upper  shoe  is 
removed  in  this  illustration.)  Tlie  bearing 
consists  of  a  thrust  collar  on  the  propeller  shaft 
and  two  stationary  thrust  shoes,  one  on  either 
side  of  the  collar.  The  shoes  are  adjustable  and 
are  secured  to  the  bearing  housing  which  is  fixed 
to  the  ship*s  frame.  Any  for^^ard  or  reverse 
thrust  on  the  shaft  is  taken  up  by  the  bearing 
and  transmitted  to  the  ship*s  structure.  The 
collar  and  shoes  are  pressure-lubricated  or  run 
-  in  a  bath  of  oil.  It  is  most  important  to  have  the 
collar  pressure  equally  distributed  on  the  shoes 
and  to  use  the  proper  grade  of  lubricating  oil. 
^Detailed  information  concerning  the  maximum 
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14-18  illustrates  the  arrangement  of  a  spring 
bearing.  The  bearing  is  designed  to  align  itself  to 
support  the  weight  of  the  shafting. 

A  STRUT  BERING  is  shown  in  figure 
14-] 9.  The  strut  bearing  has  a  composition, 
bushing  which  is  split  lengthwise  into  two 
halves.  The  outer  surface  of  the  bushing  is 
machined  with  steps  to  bear  on  machined 
loadmgs  in  the  bore  of  the  strut.  One  end  is 
bolted  to  the  strut.  The  shell  of  the  strut 
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Figurt  1  ♦via -Spring  bMring. 


and  minimum  allowable  oil  clearances  on  thrust 
bearings  may  be  obtained  from  either  the 
manufacturer's  technical  manuals  or  blueprints. 

Bfcarings  that  support  the  propulsion  line 
shafting  and  are  located  inside  the  hull  of  the 
ship  are  called  line  shaft  bearings  or  SPRING 
BEARINGS.  These  bearings  are  of  the  ring  oiled, 
babbitt-faced,  spherical-seated,  shell  type.  Figure 
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Figurt  14-19.-Strut  bMiing. 
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bearings  is  bronze  lined  with  a  material  which 
will  be  slippery  wh?n  wet  with  water.  The  shells 
are  normally  grooved  lengthwise  to  receive  strips 
Of  composition  faced  with  rubber  or  synthetic 
rubber  compounds  as  bearing  materials.  In  some 
naval  craft,  resin  bonded  composition. bearings 
or  full  molded  rubber  faced  bearing  are  used*_^^ 

CONTROLLABLE  PITCH 
PftOPELDEJyS 

.  Controllable  pitch vpropejlers  (fig'  14-20)  are 
used  in  some  naval  ships.  Controllable  pitch 
propellers  give  a  ship  excellent  maneuverability 
and  allow  the  propellers  to  develop  maximum 
thrust  at  any  given  engine  rpm.  Ships  with 
controllable  pitch  propellers  require  no  reversing 
gear  since  the  direction  of  the  propeller  thmst 
can  be  changed  without  a  charke  in  the 
direction  of  rotation.  For  high  horsOTOwer  gas 
turbine*  poWered  ships,  contiollaple  pitch 
propellers  are  the  only  means  availaple  at  this 
time  for  providing  reverse  thrust  to  the  ship* . 

ConfrpUable  .pitch  propellers  may  be 
contrdJ^fG  from  the  bridge  or  from  the 
engitferoom  through  a  hollow  propulsion  line 
shaft  to  the  propeller  hub.  Hydraulic  or 
mechanical  controls  are  used  to  iipply  actuating 
force  to  the  bladgs. 

The  hydraulic  system  is  the  most  widely 
'used  means  of  providing  the  force  required  to 
change  the  pitch  of  a  controllable  pitch 
propeller.  In  this  type  of  system  a  valve 
positioning  mechanism  actuates  an  oil  control 
valve.  The  oil  control  valve  permits  hydraulic  oil, 
under  pressure,  to  be  introduced  to  either  side 
Of  a  piston  (which  ^  connected  to  the  propeller 
blade)  and  at  the  same  time  allows  for  the 
controlled  discharge  of  hydraulic  oil  from  the 
other  side  of  the  piston,  TTiis  action  repositions 
the  piston  and  thus  changes  the  pitch  of  the 
propeller  blades. 

Some  controllable  pitch  propellers  have 
mechanical  means  for  providing  the  blade 
actuating  force  necessary  to  chdrige  the  pitch  of 
the  blades.  In  th&e^esigns,  a  worm  screw  and 
crosshead  nut  are  used  instead  of  the  hydraulic 
devices  for  transmitting  the  actuating  force.  The 
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Figura  14-20. -A.  Controiisbld  pitch  propefier  for  an  LST, 
B.  Hub  of  sn  MSO  controliabf e  pitch  propeller. 

torque  required  for  rotating  the  worm  terew  is 
supplied  either^by  an  electric  motor  or  by  the 
main  propulsion  .'  plarlt  through  pneumatic 
brakes;' 

In  most  installations  propeller  pitch  and 
engine  power  are  controlled  through  a  isingle 
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lever.  Movement  of  the  lever  causes  both  engine 
speed  and  pitch  to  change  to  suit  the  powering 
condition  ordered.  In  emergencies,  and  iit  ships 
without  single  lever  control,  the  propeller  pitch  ^ 
can  be  changed  independently  of  the  power 
setting.  Under  this  condition,  ovtfepeeding  of 
the  engine  ^patfTresult  if  the  pitch  is  3et  too  low. 


1 


Instructions  reg^ding  the  limitations  of 
engine  speeds  at  different  propell^  pitches  have 
been  issued  to  all  ships  equipped  with 
controllable  pitch  propellers.  In  addition,  the 
special  opera^g  and  maintepance  instructions 
for  these  profilers  should  be  consulted  before 
any  overhaul  or  repairs  are  \indertaken, 
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This  chapter  deals  primarily  with  the  routine 
maintenance  of  the  pumps  and  valves  which  are 
commonly  *  found  in  the  various  systems  of 
intemaHx>mbustion  engines. 


PUMPS 


An  engine  installation  requires  a  number  of 
pumps.  Sonxe  of  these  pumps  deliver  fuel  to  the 
injection  *  system  or  the  carburetor;  others 
circulate  oil  throu^  the  lubricating  system;  and 
still  others  circulate  freshwater  or  seawater  (or 
both)  for  engine  cooling.  Most  of  these  pumps 
are  attached  to  the  engine  and  are  driven  by  the 
engine  crankshaft  through  gears,  chains,  or  belts. 
However,  some  pumps  are  separate  from  the 
engine  and  are  driven  by  electric  motors. 

Pump  failure  may  cause  failure  of  the  plant 
or  system  to  which  the  pump  is  providing 
service.  For  this  reason,  you  must  have  a 
knowledge  of  the  operating  difficultira  which 
may  be  encountered  and  know  how  to  perform 
routine  maintenanpe  which  will  keep  pumps  in 
operation. 

Before  proceeding  with  this  section,  you 
should  review  the  basic  operating  principles  of 
pumps,  discussed  in  Fireman,  NAVEDTRA 
10520-E.  For  additional  information  on  pumps, 
you  should  consult  NAVSHIPS*  Technical 
Manual  chapter  503  f^470)  and  the 
manufacturer's  technical  manual  which  is 
usually  famished  with  each  pump. 

ROTARY  PUMPS 

The  operation  of  a  positive-displacement 
rotary  pump  depends  upon  the  principle  that 
rotating  screws,  lobes,  or  gears  #ap  the  .liquid  in 


the  suction  side  of  the  pump  casing  and  force  it 
to  the  discharge  side.  Positive-displacement 
rotary  pumps  have  largely  replaced  reciprocating 
pumps  for  pumping  viscous  liquids  in  naval 
ships,  as  they  have  >  greater  capacity  for  their 
weight  and  occupy  less  space.  (Positive 
displacement  means  that  a  definite  quantity  of 
liquid  is  pushe(^  out  on  each  revolution.) 

Rotary  pumps  have  very  small  clearances 
between  rotating  parts  to  minimize  slippage 
(leaka^)  from  the  discharge  side  b|ck  to  the 
suction  dde.  With  close  clearances,  these  pumps 
must  be  operated  at  relatively  low  speeds  to 
obtain  reliable  operation  and  maintain  capacity 
over  an  extended  period' of #4ime.  (Some  rotary 
pumps  opera^  at  1,750  rpm  or  higher,) 
Operating  the  pumps  at  higher  speeds  willi:ause 
erosion  and  excessive  wear,  which  will  result  in 
increased  clearances. 

Types  of  Rotary  Pumps 

There  are  several  types  of 
positive-displacement  rotary  pumps,  including 
the  simple  gear  type,  herringbone  ^ar  typ% 
helical  gear  type,  lobe  type,  and  screw  type  (low 
pitch  and  hi^  pitch).  The  main  features  ^f  gear 
and  screw  pumps  wiU  be  discussed  briefly  in  the 
following  paragraphs. 

SIMPLE  GEAR  PUMP. -The  simple  gear 
pump  has  two  spur  gears  which  mesh  together; 
one  is  the  driving  gear,  and  the  other  is  the 
driven  gear.  Clearances  between  the  gepi  teeth 
and  the  casing  and  between  the  gear  faces  and 
the  casing  are  only  a  few  thousandths  of  an  inch. 
When  the  gears  turn,  the  teeth  carry  the  liquid  in 
the  spaces  between  the  teefn,  at  the  suction  side 
of  the  pump,  towards  the  sides  where  the  liquid 
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is,  trapped  between  the  tooth  pockets  and  the 
casing  and^  carried  through  to,  the  discharge  side 
of  the  pump.  The  liquid  entering  the  dischar^ 
side  cannot  return  to  the  suction  side  because 
the  meshing  teeth  at  the  center  force  the  liquid 
out  of  the  tooth  pockets.  ,(The  small  lubricating 
oil  pumps  installed  on  many  pumps  and  other 
auxiliary  machinej-y  '  are  usually 
positive-displacement  rotary  pumps  of  the 
simple  gear  type.) 

HERRINGBONE  GEAR  PUMP.-The 
herringbone  ^ar  pump  is  a  modification  of  the 
simple  gear  pump.  In  the  herringbone  gear 
pump,  one  discharge  phase  begins  before  the 
previous  discharge  pliase  is  entirely  completed. 
This  overlapping  tends  to  provide  a  steadier 
discharge  pressure  than  is  obtained  with  the 
simple  gear  pump.  In  addition,  the  power 
transmission  from  the  driving  gear  to  the  driven 


gear  is  smoother.  There  are  no  internal  driving 
gears  other  than  the  pumping  gears  themsehfes. 
Power-driven  pumps  of  this  type  are  sometimes 
used  for  low-pressure  fuel  oil  service,  lubricating 
oil  service,  and  diesel  oil  service. 

HEUCAL  GEAR  PUMP. -The  heUcal  gear 
.  pump  (tig.  15-1)  is  still  another  modification  of 
the  simple  gear  pump.  Because  of  the  helical 
gear .  design,  the  overlapping  of  successive 
discharges  from  spaces  between  the  teeth  is  even 
greater  than  it  is  in  the  herringbone  gear  pump, 
and  the  discharge  flow  is,  accordingly,  even 
smoother.  Since  the  dischar^  flow  is  smoother 
in  the  helical  gear  pump,  the  gears  can  be 
designed  with  fewer  teeth-thus  allowing 
increased  capacity  without  sacrificing 
smoothness  of  flow. 

In  this  type  of  pump,  the  pumping  gears  are 
driven  by  a  set  of  tiniing  and  driving  gears  which 
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Figure  15-1.-H«Hc«l  g««r  pump, 
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also  function  to  maintain  Ihe  required  close 
tooth  clearances  while  preventing  actual  metallic 
contact  between  the  pumping  gears.  (Metallic 
contact  between  the  teeth  of  the  pumping  gears 
would  provide  a  tighter  seal  against  dippage,  but 
it  would  cause  rapid  wear  Of  the  teeth  because 
foreign  matter  in  the  pumped  liquid  would  be 
present  on  the  contact  surfaces.)  Roller  bearings 
at  both  ends  of  the  gear  shafts  m^tain, proper 
alignment  gnd  decrease  friction  loss  in  the  power 
transmission.  Stuffing  boxes  are  used  to  prevent 
leakage  at  the  shafts.  The  helical  gear  pump  is 
used  to  move  nonviscous  liquids  and  light  oils  at 
high  Speeds.  In  addition,  it  can  be  used  to  pump 
heavy,  viscous  material  at  a  lower  speed. 

LOBE  PUMP.-The  lobe  pump  is  another 
variation  of  the  simple  gear  pump.  (Modified 
versions  of  lobe  pumps  are  used  as  superchargers 
on  some  engines  and  on  vapor  <x)mpression 
distilling  plants,)  The  lobes  are  considerably 
larger  than  gear  teeth,  but  there  areTmlj^two  or 
three  lobes  on  each  rotor.  The  rotors  ^retiriven 
by  external  spur  gears  on  the  rotor  shafts. 

SCREW  PUMP. -There  are  many  variations 
of  screw  pumps.  The  three  main  differences 
between  these  variations  are  the  number  of 
iritermeshing  screws,  the  pitch  of  the  screw  (low 
or  high  pitch),  and  the  general  direction  of  fluid 
""flo^^  (single  or  double  flow). 

Low  Pitch,  Double-Screw  Pumpl-The  low 
pitch  double-screw  pump  is  illustrated  in  figure 
1 5-2^  The  two  pairs  of  screws,  whichlinterqiesh 
with  close  clearances,  are  mounted  on  two 
parallel  shafts.  Each  pair  of  screws  has  opposite 
threads  with  respect  to  the  other  pair.  One  shaft 
drives  the  other  through  a  set  of  herringbone 
timing  gears  which  maintain  clearances  between 
the  screws  as  they  rotate. 

Ail  clearances  are  small;  there  is  no  actual 
contact  between  the  screws  or  between  the 
screws  and  the  casing.  The  liquid  is  trapped 
between  the  grooves  of  the  screws  and  the 
casing,  as  indicated  in  the  illustration.  The* 
meshing  of  the  threads  of  the  two  screws  fprces 
the  liquid  along  the  grooves,  toward  the  center 
(discharge  side)  of  the  pump.  In  the  pump 
illustrated  in  figfire  15-2,  the  liquid  enters  the 
thread  grooves  at  both  ends  of  the  rotor  or 
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Figure  15-2— Low  Pitch  doubl^scrsw  pump.  ^ 


screws;  thus  the  axial  thrust  of  each  side  is 
balainced. 

Triple-Screw,  High  Pitch  Pump. -The 
operation  of  a  triple-screw,  high  pitch  pump  is 
similar  to  that  of  the  double-screw,  low  pitch 
pump*  Figure  1 5-3  illustrates  a  triple-screw,  high 
pitch  pump.  The  pitch  of  the  screws  is  much 
longer  than  in  the  low-pitch  screw  pump.  This 
enables  tj^e  center  screw  (power  rotor)  to  drive 
the  two  outer  (idl^r)  rotors  directly-  without 
external  timing  gears.  The  diameters  of  the  idlers 
are  less  than  that  of  the  power  rotor. 

Operating  a  Rotary  Pump 

'  The  operating  instructions  for  the  driving 
unit  of  rotary  pumps  vary.  Therefore,  read  the 
posted  instructions  for  the  individual  driving 
unit  and  pump  before  operating  a  specific  pump. 
The  following  instructions  apply  for  STARTING 
most  rotary  pumps: 

1.  Check  the  lubricating  oil  level  in  the 
sump  tank  or  bearing  housing.  Fill  oil  cups  or 
reservoir,  if  fitted.  If  the  rotary  pump  is 
lubricated  by  a  detached  pump,  open  and  adjust 
all  delivery  and  return  valves.  ^ 

2.  Open  the  valves  on  the  pump  packing 
gland  seals,  where  such  valves  are  fitted. 
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3.  lift  all  relief  and  senpnd  valves  by  hand, 

4.  Open  the  pump  dl^harge  valve. 

5.  Open  the  j^ioijii/ suction  valve. 

6.  Start  the  driving  unit— motor  or  engine. 

7.  Check  theC  lubricating  system  to  see  that 
all  bearings  are  supplied  with  oitand  that  the  oil 
is  at  the  correct  pressure. 

8.  Check  all  gages  to  see  that  proper 
pressures  are  being  developed. 

9.  Adjust  the  pump-shaft  packing  glands 
and  gland-sealing  needle  valve,  where  fitted  and 
where  adjustment  is  needed. 

The  instmctions  for  STOPPING  and 
SECURING  a  pump  are  as  follows: 

L  Stop  the  driving  unit.  Be  sure,  that  the 
cheese  valve  of  the  pump  discharge  closes  to 
prevent  a  backflow,  through  the  pump  being 
secured,  from  another  p^mp  which  may  be 
discharging  into  the  sam^^e. 

2.  Gose  the  pump  discharge  stop  valve.  . 
.   3.  Qose  the  pump  suction  valve. 

4.  Qose  all  supply  and  return  valves-if  the 
unit  is  lubricated  by  a  detached  pump  or  by  a 
main  lubricating  oil  system. 

a 

Operating  Difflctilties 

When  the  pump  speed  is  increased  and  (!) 
the  pump  fails  to  build  up  the  required  pressure 
or  (2)  it  fails  to  dischargfe  fluid  when  the 
discharge  valve  is  open,  proceed  as  follows: 

1.  .Stop  the  unit. 

2.  See  that  all  valves  in  the  pump  suction 
lines  are  open. 

3.  Check  the  packing  of  all  suction  and 
suction  manifold  valve  stems  to  ensure  that  no 
air  is  being  drawn  into  the  suction  piping. 

4.  Check  the  pump  shaft  packing  for  air 
leakage  into  the  pump. 

5.  Check  the  spring  case  and  the  inlet  and 
outlet  coilnections  of  the  discharge  relief  valve 
to  ensure  that  no  air  is  leaking  into  the  pump 
suction-  ^ 

6.  Start  the  pump  again.  When  it  is  up  to 
the  proper  speed,  read  the  suction  gage  to  see  if 
the  pump  is  pulling  a  vacuum.  If  a  low  vacuum 
(5  or  6  inches  of  mercury,  or  less)  is  indicated, 
air  is  leaking  into  the  pump  suction.  If  no 


vacuum  is  shown  on  the  suction  gage,  it  is 
possible^  that  the  pump  is  not  primed.  (This 
should  rarely  occur  after  the  pump  casing  has 
once  been  filled.)  If  the  pump  still  does  not 
build  up  pressure,  close  the  discharge  valve 
gradually,  and  note  the  pressure  gage  at  the  same 
time.  If  the  pressure  increases,  an  open  discharge 
line  is  indicated.  If  the  pressure  does  not 
increase,  open  the  discharge  valve  and  close  the 
suction  valve,  noting  if  the  vacuum  builds  up.  If 
the  pump  is  in  good  condition  with  close 
clearances,  a  vacuum  ranging  from  15  to  25 
inches  should  build  up  on  the  suction  line.  If  a 
hi^  vacuum  is  indicated,  an  obstruction  in  the 
suction  line  is  probably  the  reason  the  pump 
does  not  build  up-  discharge  pres^wre;  or  the 
suction  .strainer,  if  fitted,  may  be  clogged.  j. 

If  HEAVY  POUNDING  occurs  when  the 
pump  is  operating  at  high  vacuum,  considerable 
vaporization  in  the  liquid  end  may  be  indicated. 
Pounding  can  be  reduced  by  decreasing  the 
pump  speed. 


Care  and  Repair 

The  instryctions  given  in  this  chapter  for  the 
maintenance,  repair,  and  operation  of  pumps  are 
general  for  all  makes  and  types.  Manufacturer's 
technical  manuals  are  furnished  for  all  pump 
installations  except  some  miscellaneous,  small, 
motor  driven  pumps.  These  manuals  contain 
detailed  information  concerning  the  specific 
pumps  instaileii^  and  you  should  study  them 
carefully  before  attempting  to  operate  or  service 
the  pump, 

'WEARING  PLATES  AND  LINES- ^The 
clear^ces  between  pump  rotors  and  casing 
wearing  plates  and  cylinder  liners  should  be 
maintained  in  accordance  with  the 
manufacturers'  plans.  On  low-pressure, 
low-suction  lift  pumps  such  as  lubricating  oil, 
diesel  oil  supply,  and  tank  drain  pumps,  the 
pressure  drop  across  the  clearance  spaces  does 
not  generally  exCSe<J  50  psi.  With  these  types  of 
pumps,  the  clearance  between  parts  may  wear  as 
much  as  0.005  to  0.010  inch  without 
appreciable  effect  upon  the  capacity  of  the 
individual  pump.  However,  when  the  clearances 
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arc  excessive,  renewai  of  parts  (wearing  plates 
and  liners)  will  be  necessary,  ff  a  fuel  oil  tank 
drain  pump,  with  the  suction  valve  closed,  will 
pull  a  vacuum  of  only  16  inches  of  mercury, 
•  renewal  of  parts  may  be  necessary.  In  each 
instance  the  engineering  officer  will  decide 
whether  the  amount  of  wear  or  in^ireased 
clearance  requires  the  renewal  of  parts. 

BEAlilNGS. -If  the  pump  bearings  are  worn 
excessively  and  it  becomes  necessary'  to  renew 
the  bearings,  do  not  install  the  new  bearings 
without  spotting  them  in,  or  checking  and 
fitting  them  to  the  designed  clearance.  The 
required  oil  clearance  for  bearings  is  usually 
given  on  the  manufacturer's  plans.  If  these  plans 
are  not  available,  refer  to  PMS. 

-> 

TIMING  GEARS.-  Puihps  fitted  with  timing 
gears  must  have  the  correct  clearance  between 
-the  two  pumping  rotors  during  operation.  To 
accomplish  -this,  thes||^rs  must  be  securely 
locked  to  the  rotor  sham  in  their  exact  designed 
position.  Be  sure  that  there  is  no  lost  'motion 
caused  by  the  looseness  of  keys  or  pins  holding 
the  rotors  in  the  shafts.  ~^ 

■  THRUST  BEARINGS.-We  must  stress  the 
importance  of  the  proper  setting  of  thrust 
bearings  which  hold  the  pumping  elements 
centrally  in  the  pumping  casing.  Examine  thrust 
bearings  quarteriy  and  check  the  position  of  the 
'rotors|»  When  checking  the  rotor  position,  be 
sure  to  make  enough  allowance  for, expansion  of 
the  shaft  from  the  cold  condition  to  the  hot 
running  condition. 

^  ■         .  " 

COUPLINGS.  -When-  the  driving  unit  is 
connected  to  the  pump  by  a  fiexible  coupling, 
remember  that  the  coupling  is  intended  to  take 
c^u-c  of  slight  misalignment,  When  misalignment 
is  small,  the  coupling  should  operate 
satisfactorily  without  frequent  renewal  of 
'(coupling)  parts.  However,  if  misalignment  is 
excessive,  the  coupling  parts  take  severe 
punishment,  and  the  pins,  bushings,  and  bearings 
must  be  replaced  frequently. 

Couplings  with  self-contained  lubricant  must 
be  kept  lubricated.  A  coupling  will  wear  and 


.  eventually  fail  if  its  lubricant  is  lost.  Therefore, 
you  must  observe  the  following  precautions: 

1 .  Inspect  the  flexible  coupling  monthly  by 
removing  the  filler  plug  to  be  sure  there  is  a 
sufficient  supply  of  lubricant, 

2.  Whenever  a  coupling  is  dismantled, 
inspect  the  teeth  to  see  that  they  are  in  good 
condition.  When  the  coupling  is  reassembled, 
check  the  alignment  of  the  driving  unit  and 
pump  to  prevent  excessive  coupling  wear, 

PUMP  LUBRICATION. T- Lack  of  propel 
lubrication  is  a  primary  cause  of  pump  failures. 
^  Reciprocating  engine-driven  pumps  are  usually 
lubricated  by  either*sight-feed  drip  cups  or  wick 
lubrication.  See  tha^  oil  cups  are  filled  with  oil 
and  tnat^an  adequate  supply  is  being  fed  to  the 
bearings. 

Water  pump  shafts  are  usually  fitted  with 
water  flingers  between  the  pump  shaft 
stuffing-box  glajld  and  the  bearing  housing  to 
prevent  the  entrance  of  water,  from  the  pump 
glands,  to  the  bearing  housing. 

Planned  Maintenance 

Periodic  maintenance  of  pumps  should  be 
performed  in  accordance  with  the  scheduled 
planned  maintenance  program. 

Safety  Precautions 
for  Rotary  Pumps 

Yojj  must  observe  the  following  precautions 
in  the  operation  of  rotary  pumps: 

1 .  See  that  all  relief  valves  are  tested  at  the 
appropriate  intervals.  Ensure  that  relief  valves 
function  at  the  designated  pressures. 

2.  Never,  attempt  to  jack  over  a  pump  by 
hand  while  the  power  is  on. 

3.  Never  operate  a  positivd-displacement 
rotary  pump  with  the  discharge  jvalvi>  closed,  ^ 
unless  the  discharge  is  protected^-^y  a  properlyO 
set  and  tested  rejief  valve* 

4.  When  working  on  any  vertical,  rotary,  or 
centrifugal  pump  never  rely  on  the  pump 
coupling  to  support  the  weight  of  the  pump 
rotor    assembly.    Support    the  '  pump  rotor 
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^  assembly  in  slin^^  or  by  other  acceptable  rigging 
methods. 

CENTRIFUGAL  PUMPS 

Most  modem  diesel  and  gasoline  engines  use 
centrifu^  pumps  for  circulating  cooling  water. 
There  are  many  types  of  centrifugal  pumps,  but 
all  operate  on  the  same  principle.  The  operation 
^of  centrifugal  pumps  depends  upon  centrifugal 
forge  (which  imparts  a  high  velocity  to  the 
liquid  pumped)  produced  by  the  rotation  of  the 
impeller  at  hi^  speed.  The  liqifid  is  sucked  in  at 
the  center,  jar.  EYE,  of  the  impeller  and 
discharged, atihe  outer  rim  of  the  impeller. 

By  the  time  the  fiquid  reaches  tlie  outer  rim 
of  the  impeller,  it  has  acquired  considefable 
velocity.  The  liquid  is  then  slowed  down  by 
being  led  throu^  a  volute  or  throli^  a  series  of 
diffusing  passa^s.  As  the  velocity  of  the  liquid 
decreases  its  pressure  increases,  or,  in  other 
words,  some  of  the  icinetic  energy  of  the  liquid 
is  transformed  into  potential  energy.  In  the 
terminology  commonly  used  in  the  discussion  of 
pumps,  the  velocity  head  of  the  liquid  is 
partially  converted  to  a  pressure  head. 

Types  of  Centrifugal  Pumps 

There  are  two  types  of  centrifugal  pumps 
which  you  will  probably  encounter  aboard  ship: 
.  The  volute  pump  and  the  diffuser  pump- 
kin the  VOLUTE  PUMP; shown  in  figure  15-4 
t^^*liyt^I>^Uer  discharges  into  a  volute-that  is,  a 
gradually  widening  channel  in  the  pump  casing. 
As  the  liquid  passes  through  the  volute  and  into 


the  discharge  nozzle,  a  considerable  portion  of 
its. kinetic  energy  is  converted  into  potential 
energy. 

In  the  DIFFUSER  PUMP,  sffown  in  figure 
15-5,  the  liquid  leaving-tfie  impeller  is  first 
slowed  down  by  the  stationary  vanes  which 
surround  tiie  impelltir.  The  liquid  is  forced 
throu^  the  gradually  ex  [Ending  passages  of  the 
diffuser  ring  befofe^^lTntering  the  volute.  The 
diffuser  vaiies  and  the  volute  reduce  the  velocity 
of  the  liquid  in  the  diffuser  pump.  In  thi^  type 
of  pump  there  is  an  almost  complete  conversion 
of  kinetic  energy  to  potential  energy. 

Centrifugal  pumps  may  be*  classified  in 
several  ways.  For  example,  they  may  be  either 
SINGLE  STAGE  or  MULTISTAGE.  A 
single-stage  pump  has  only  one  impeller.  A 
multistage  pump  has  several  limpellers  housed 
together  in  one  casing;,  each  impeller  functions 
separately,  discharging  to  the  suction  of  the  next 
stage  impeller-  Centrifugal  pumps  are  also 
x:lassified  as  HORIZONTAL  or  VERTICAL, 
depending  upon  the  position  of  the  pump  shaft. 


Construction  of  Centrifugal  Pumps' 


The  following  information  applies  in  general 
to  most  of  the  centrifugal  pumps  used  with 
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Diesel  ei\gines.  Figure  15-6  shows  the  partJj'of 
one  typi?  of  centrifugal  pump,  . 

The  shaft  is  protected  from  excessive  wear 
and  corrosion  by  Monel  or  corrpsioh-resistant 
steel  sleeves  Wherever  thtvsllaft  ctomes  in  coritoct 
with /the  liquid  being  p"urape«}  Or  with  tlie  sfiaft 
packing,  in  many  cenU;ifugail  pmnps,  the  &}iaft  is 
.  fitted  with;  replaceable  sleeves.  The  advantage  of 
using  sleeves  is  tJiat  ,  they  can,  be  replaced  piore 
ecoripmically  than  the  entire  shaft. 
,  The  IMPELLERS  used  on  centrifugal  pumps 
inay  be.  classified  as  SINGLE  SUCTION  or 
DOtJBLE  SUCTION.  Tfie  single^uction  impeller 
allows  liquid  tb  enter  the  eye  from  one  directibh 
Qirly;  the  dbubJe-suction.  type  allows  liquid  to 
entef  the  eye  from  two  directions.  Impellers 
iVave  si^e  walls  which  extn^nd  tVp|n  the  eye  to  the 
outer  edge  of  the  vane  tips;  open  impellers  do 
..not  have  these  side  mih  Most,  centrifugal , 
pclmps  used  by  the  Navy  have  closed  iimpeliers. 


'SUPtKlftTiNG  HEAD 


The  impellers  are  carefully  machined  and 
balanced  to  reduce  vibration  and'  wear, sinfce  they 
rotate  "  at  very  hig^  speed.  A,  close  radial 
clearance  must  be  maintained  between  the  outer 
hub  of  the  impeller  and  that  part  of  the  puaap 
casing  in  which  the  .hub  rotates,  in- order  to" 
minimize,  leakage  from  the  discharge  side  of  the 
pump  casing  to .  the  suction  side.  (To  prevent 
corrosion  of  pumps  that  handle  seawater,  the 
impellers  and  casings  of  these  pumps  are  made 
of  bronze  or  gun  metal,  and  the  shaft  of  Monel 
metal  or  stainless  steel.) 

Because  of  the  close  clearance  and  the  high 
rotational  speed  "of  the  impeller,  the  running 
surfaces  of  both  the  impeller  hub  and  the  Ci^ng  . 
at  that  point  are  subject  to  relatively  rapid  wear. 

Centrifugal  pumps  are  provided  .with 
replaceable  wearing  rin^  to  eliminate  the  need 
for  renewing  -an  entire  impeller  and  pump  casing 
because  of  wear.  One  ring  is  attached  to  each^ 
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Figure  15-6.— Exptodsd  view  of  a  centfifujjaJ  water  pump. 
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outer  hub  of  the  in^peiler.  This  ring  is  called  the 
IMPELLER  WEARING  RING.  The  other  ring, 
^  which  is  staifonaryrand  attached  to  the  casing,  is 
^  ciUled  the  CA^C  WEARING'  R|NG.  Figure 
1 5-7  illustrates  a^mipeller  and  wearing  rings. 

Some    small    pumj>s   with  single-suction 
impellers  have  only  a  casing  wearing  npg  and  no 
,  impeller  ring;  in  this  type  of  pump,  the  casing 
wearing  ring  is  titt^d  into  the  end  plate, 

RECIRCULATING  LINES  ire  installed  on 
Some  centrifugal  pumps  to  prevent  the  pumps 
^  from  overheating  gi^d  becoming  vapor  bound  in 
case  the  discharge  is  entirely  s^t  off  or  the  flow 
of  fluid  is  stopped  for  extended  periods.  Seal 
piping  is  installed  to  cool  the  shaft  and.  the 
packing,  to  lubricate  the  packing,  and  to  seal,  the 
joint  between  the  shaft  and  X\it  packing  against 
air  leakage.  A  lantern  ring  splicer  is  inserted 
between  the  rings  of  the  packing  in  the  stuffing 
box.  .  Seal  piping  leads  the  liquid  from  the 
discharge  side  of  the  pump  to  the  annular  space 
formed  by  the  lantern  ring.  The  web  of  the  ring 
is^perforated  so  that  the  water  can  flow  in  either 
direction  along  ^he  shaft,  between  the  shaft  and 
the  packing. 

SHAFT  and  THRUST  BEARINGS  support 
the  Weight  of  the  impeller  and  maintain  the 
position  of  the  rotor,  both  radially  and  axially, 
(Radial  -hearings  may  be  sleeve  or  ball  type. 
Thrust  bearings  may  be  ball  type  or  pivoted 
segmental  type.)  i 

i  , 
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The  POWER  END  of  a  centrifugal  pump 
may  be  driven  by  a  st«am  turbine,  by  an  electric 
motor,  or  by  a  dietel  engine.  Pumps  uSed  for 
continuous  service  are  either  ttji-bine  or  motor 
driven.  (Smaller,  pumps,  siich  as  those  used  for 
jn-port  or  cmising  operation,  are  generally 
motor  driven^)  Pumps  ysed  for  emergency 
flremainjserv^ices  are  generally  diesel  driven.  * 

Care  and  Repair 

of  Centrifugal  Pumps 

,  The  tests,  safety  pre(;^utions,  and 
maintenance  factors  for  rotary  pumps,  outlined 
e^riier-in  the  chapter,  are  applicable  in  a  general 
way  to  centrifugal  pumps.  However,  some  of  the 
information  which  you  must  have  in  order  to 
give  proper  care  and  maintenance  to  centrifugal 
pumps  is  given  in  this  section.  For  additipnal 
information,  as  well  as  for  specific  information 
on  any*  one  pump,  you  should  cons\ilt 
NAVSHIPS'  Tecfmical  Manual  and  the 
appropriate  manufacturer's  technical  manual. 

STUFFl  NG  BOX  PACKING.  ^Packing 
around  the  shafts  'of  centrifugal  pumps  (fig. 
1 5-8)  may  be  either  the  stuffing  box  type  or  the 
labyrinth  type,  or  both.  Stuffing  box  packing 
should  be  renewed  in  accordance  with  the 
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Figure  IS-a.-Sttiffing  box  on  a  cantrifugul  pump. 
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HPlanned  Maintenance  'System  or  whenever 
leakage  becomes  excessive.  The  packing  should 
be  installed  in  a  uniform  thickness  all  around  the 
.shaft  sleeves.  When  installing  new  packing,  pack 
the  stuffing  box  loosely  and, set  it  up  lightly^on 
the  packing  gland.  Then,  with  the  pump  in 
•  operation,  tighten  the  gland  in  small  steps,  with 
several  hours  between  tightenings,  to  compress 
the  packing  gradually.  This  procedure  will 
prevent  excessive  heating  and  scoring,  of  the 
shaft  or  shaft  sleeves.  A  flow  of  from  40  to  60 
drops  per  minute  out  of  a,|ionnal  packed-type 
stuffing  box  is  required  tii  provide  lubrication 
and  to  dissipate  generated  heat. 

Renew  the  labyrinth  packing  around  worn 
bushings  (bushing  wear  is  due  to  wearing  of  the 
bearings)  when  the  bearings  are  replaced. 
Examine  the  water  supply  to  the  packing  seals 
frequently  to  ensure  that  it  is  not  obstructed  by 
the  packing. 

ROTARY  SEALS. -In  some  pump 
installations,  stuffing  box  packing  is  impractical 
since  th^re  must  be  a  certain  amount  of  leak-off 
for  lubrication  purposes.  It  could  be  rather 
dartgerous  to  have  leaking  fluids  such  as  distillate 
fuels  or'gasoline.  Also  many  gailons  of  water 
could  be  lost  from  a  freshwater  system.  In  many 
installations,  packing  is  being  replaced  by  ti 
mechanical  seat 

When  the  seal  requires  "replacement  or  when 
there  are  signs  of  abnonnal  wear  or  damage  to 
the  running  surfaces,  make  a  thorough 
inspection  to  find  the  cause.  It  is  very  important 
to  find  and  correct  the  trouble,  or  the  failure 
will  recur.  Seal  failure  is  often  caused  by  dirt  on 
the '  running  surfaces,  worn  bearings,  or  bent 
shafts. 

Whenever  the  seal  must  be  replaced,  the 
complete  assembly  should  be  replaced  in 
accordance  with  the  manufacturere'  instructions. 
,  Always  be  sure  the  shaft  is  free  of  dirt  or  lint. 
Then,  carefully  unwrap  the  seal  being  careful 
not  to  touch  the  bearing  surface  with  your 
fingers,  rinse  the  seal  in  an  approved  cleaning 
solvent,  and  allow  it  to  air  dry.  (NEVER  y^pe 
dry,)  If  a  new  seal  assembly  Ls  not  available^ you 
may  be  able  to  repair  the  existing  seal  by  Ij^ping 
the  mating  surfaces. 

LANTERN  RINGSi  SLEEVES,  AND 
FLINGERS.-When  packing  a  stuffing  box  fitted 
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with  a  LANTERN  RING  (fig  15-8),  be  sure  to 
replace  the  packing  beyond  the  lanterrt  riitg  at 
the  bottom  of  the  stuffing  box.  In  addition,  see 
that  tlie  sealing  water  to  the  lantern  ring  is  not 
blankef^  off  by  the  packing.  , 

SLEEVES  fitted  at  the  packing  on  the  pump 
shafts  must  always  be  tight.  These  deeves  are 
usually  made  secure  by  shrinking  or  keying  them^ 
to  the  shaft.  Be  sure  -tKaf  water  does  not  kak 
between  the  shaft  and  shaft  sleeves.  If  the  shaft 
or  sleeves  are  roughened  or  grooved,  turn  or 
.grind  them  tojjfce  a  smooth  surface.  If  the 
surface  is  vei^J^gh,  the  stee^es  should  be 
renewed.  j 


WATER  FUNGERS.-Water  flingers  are 
fitted  on  shafts,  outboard  of  stuffing  box, glands, 
to  prevent  water  from  fbllowing  along  the  shaft 
and  entering  the  bearing  housings.  The  flingers 
must  be  tightly  fitted.  If  tlje  flingers ^ate  fitted 
on  the  shaft  sleeves,  rather  than  on  the  sfeHiJjc 
sure  that  no  water  is  allowed  to  leak  under  the 
,  sleeves.  If  leakage  does  occur,  fit  fiber  washers' 
between  the  ends  of  the  sleeves  and  the  shaft 
shoulders,  and  fill  all  clearances,  between  the 
shaft  and  the  sleeve  vwth  tallow, 

WEARING  RINGS,  IMPELLER,  AND 
CASING. -The  plearances  between  the  impeller 
and  the  casing  wearing  rings,  as  shown  on  the 
manufapturer's  plans  or  'the  Maintenance 
Require  merit  Card,  should  be  ihaintained^^.  When 
cle||-ances  exceed  (the  specified  figures,  the. 
wearing  rings  must  be  replaced.  This  job  can  be 
done  by  the  ship's  force,  but  it  requires  the 
complete  disassembly  of  the  pump.  If  you  must, 
undertake  this  job,  follow  the  manufacturer's 
instructions  carefully;  improper  fitting  of  the 
rings  or  incorrect  reassembly  of  the  pump  can 
result  in  serious  damage. 

SHAFT  ALIGNMENT.  '-.When  installing  or 
assembling  pumps  driven  by  electrical  motors, 
steam  turbines,  or  diesel  engines,  you  must  be 
sure"  that  the  unit  is  aligned  properly. 
Misalignment  may  cause  serious  operating 
troubles  later.  It  is  absolutely  necessary  to  have 
the  rotating  shafts  of  the  driver  and  driven  units 
in  proper  alignmen>*^'  as  determined  by  the 
coupling. 
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Check  the  shaft  alignment  of  aN^i^p 
frequently  or  whenever  the  pump  is  op^fc^  up 
or  whenever  there  is  noticeable  vibration,  if  the 
shafts  are  out  of  line  pr  inclined  at  an  an^e  to 
each  other,  the  unit  must  be  realigned  to  prevent 
shaft  breakage  and  renewal  of  bearings,  pump 
casing  wearing  rings,  and  throat  bushings. 
Whenever  practicable,  check  the  alignment  with 
all  piping  in  place  and  with  the  adjacent  tanks 
and  piping  filled.^ 

Some  driving  units  are  connected  to  the 
pump  by  a  FLEXIBLE  COUPLING.  Remember 
that  flexible  couplings  are  intended  to  take  care 
of.  only  slight  misalignment.  Misalignment 
should  never  exceed  the  amount  specified  by  the 
pump  manufacturer.  If  the  misalignment  is 
excessive,  the  coupling  parts  are  subjected  to 
severe  punishment,  necessitating  frequent 
renewal  of  pins,  bushings,  ^d  bearings. 

When  the  driving'  upit  is  connected,  or 
coupled,  to  the  pump  by  a  FLANGE 
COUPLING,  the  s^iafting  must  be  frequently 
realigned.  Each  pump  shaft  rnust  be  kept  in 


proper  alignment  With  the  shaft  of  the  driving 
unit*  Misalignments  are  indicated  by  such  things 
as  abnormal  temperatures,  abnormal  noises^  and 
worn  bearings  6r  bushings. 

Wedges,  or  sliims,  are  semetimes  placed 
under  the  bases  of  both  driven  and  driving 
units  (fig,  1 5-9 A)  for  ease  in  alignment  when  the 
machinery  is  installed.  Jacking  screws  may  also 
be  used  to  level  the  units.  When  the  pump  or 
driving  unit,  or  both,  have  to  be  shifted  sidewise 
to  align  the  coufitin^,  side  brackets  are  welded 
in  convenient  spots  on  the  foundation,  and  large 
setscrews  are  uSed  to  shift  the  units  sijiewise  or 
endwise.  When  the  wed^s  or  other  packings 
have  been  adjusted  so  that  the  outside  diameters 
and  faces  of  the  coupling  flanges  run  true  as 
they  are  manually  revolved,  the  chocks  are 
fastened^  the  units  are  securely  bolted  to  the 
foundation,  and  the  coupling  flanges  are  bolted 
together.  . 

These  AUGNMENTS  MUST  BE  CHEtK^P  ^ 
from  time  to  time,  and  nlisalignments  must  be^ 
prompt^  Cdrrected.  In  general  practice  there  s^'e 
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Figiire  15-9.-Coupiing  alignment. 
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three  methods  employed  for  checking  the 
ahgnments: 

1.  Use^  inch  scale 

2.  Use  a  thickness  gage 

3.  Use  a  dial  indicator 

Some  types  of  installations,  of  course,  call 
for  special  methods  of  handling.* 

When  USING  A  6-INCH  SCALE  TO  CHECK 
augments,  check  the  distance  between  the  faces 
of  the  coupling  flanges  at  90°'intervals.  Find  the 
distanc<»  between  the  faces  at  point  a,  point  b 
(on  the  ospposite  side),  point  c,  and  point  d 
(opposite  point  c)  (fig.-!  5-9B).  This  will  indicate 
whether  the  coupling  faces  are  parallel  with  each 
other.  If  they  are  not  parallel,  adjust  the  driving 
unit  or  the' pump,  or  both,  with  shims  until  the 
couplings  check  true.  While  measuring  the 
distances,  you  must  keep  the  outside  diaraetere 
of  the  coupling^^anges  in  Une.,  To  do  this,  pla«» 
the  scale  across  the  tw&  flanges  as  shown  in" 
figure  15-9C,  If  the  flanges  do  not  line  up,  raise 
or  lower  one  of  the  units  with  shims.  Then,  if 
necessary,  shift  them  sidewise,  'jsing  the  jacks 
welded  on  the  foundation.  The  scale  should  be 
used  (as  shown  in  fig.  \  5-9Q  at  intervals  of  90°, 
as  was  done  in  checking  between  the  flange  faces 
(fig.l5-9B). 

The  procedure  for  using  a  thickness  gage  to 
check  alignments  is  amilaj  to  that  for  a  scale. 
When  the  outside  diamieters  of  the  coupling 
flanges  are  not  the  same,  use  a  scale  on  the 
surface  of  the  lai^er  flange,  then  use  "feelers" 
between  the  surface  of  the  smaller  flange  and 
the  edge  of  the  scale.  When  the  space  is  narrow, 
check  the  distance  between  the  ccmplin^  flanges 
with  a  thickness  gage  (as  shown  in  fig.  1 5-9D). 
Wider  spaces  ai'e  checked  with  a  piece  of  square 
key-stock  and  a  thickness  gage.  Revolve  the 
coupUngs  one  at  a  time,  and  check  at  90" 
intervals.  If  the  faces  are  not  true,  the  shaft  has 
been  sprung.  Many  times  the  shafts  must  be 
removed  and  sent  to  the  ship's  machine  shop  for 
reworking. 

When  USING  A  DIAL  INDICATOR  to 
chtck  alignments,  clamp  the  indicator  to  one 


coupling  flange,  then  revolve  the  coupling  with 
the  pointy  the  dial  iiidicator  on  the  shaft  of 
the  opposite  coupling  flange.  If  no  variation  is 
shown  on  tiie  indicator,  the  coupling  is  running 
.tmc.  When  the  coupling  with  an  indicator 
clamped  to  it  is  revolved  ,  while  the  opposite 
coupling  remains  Stilly  the^egree  to  which  the 
coupling  centers  are  out  of  line  will  be  shown! 
To  adjust  the  centers,  loosen  bolts  at  the  unit 
bases  and  recheck  the  alignment.  When 
alignment  is  true,  secure  the  dowel  at  the  unit 
bases,  and  insert  and  fasten  the  coupling  bolts. 
Use  dial  indicators  whenever  possible  when 
aligning  a  coupling. 

Major  Troul^  and  Repaiis 

A  list  of  the  principal  'troubles  that  may 
occur  with  centrifugal  pumps',  together  with 
their  causes,  is  given  in  figure  15-10. 
•  If  the  pump  fails  to  build  up  pressure  when 
the  discharge  valve  is  opened  and  the  pump 
speed  is  increased ,  proceed  as  follows : 

1.  Secure  the  pump. 

2.  Prime  the  pump  to  expel  all  the  air 
throu^  the  air  cocks  on  the  pump  casing. 

3.  Open  all  valves  on  the  pump  suction  line. 

4.  Start  the  pump  again.  If  the  discharge 
pressure  is  not  normal  ]tvhen  the  pump  is  up  to 
its  propel  speed,  the  suction  line  may  be 
clogged,  or  an  impeller  may  be  broken.  It  Is  also 
possible  that  air  is  being  drawn  into  the  suction 
line  or  into  the  casing.  If  any  of  these  conditions 
exist,  stop  the  pump,  try  to  find  the  source  of 
the  trouble,  and  correct  it,  if  possible.  - 

The  parts  of  a  centrifugal  pump  that  most 
frequently  need  repair  or  replacement  are: 

1.  CASING  WEARING  RINGS  AND 
IMPELLER  WEARING  RINGS:  Since  the 
purpose  of  these  rings  is  to  keep  the  internal 
bypassing  of  the  liquid  to  a  minimum,  the 
clearances  should  be  checked  and  festered,  when 
worn  ^beyond  allowable  limits,  whenever  the 
pump  casing  is  opened  up,  and  atjeast  once  each 
year. 

2.  SHAFT  SLEEVES:  There  is  a  common 
tendency  for  operating  personnel  to  take  up  too 
hard  on  the  packing  in  an  attempt  to  prevent 
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PUMP  TROUBLES 

CAUSES  \ 

Failure  to  Deliver  Water 

Pump  not  primed;  insufficient  speed;  Impeller  plugged; 
wrong  direction  Qf  rotation  (this  may  occur  sifter  mc^r 
overhaul) 

Short  in  Capacity 

Air  lmk»  in  stuffing  isoxes;  insufficient  speed;  insufficient 
suction  head  for  hot  water;  suction  strainers  fcMiled;  im- 
pellers damaged  and  casing  packing  defective 

Presture  Low 

Insufficient  speed;  ^ir  leaJk;  incorrect  discharge  valves  open 
in  manifold  (this  may  allow  the  pump  to  discharge  into  an 
open  line^  causing  the  pump  to  operate  at  other  than  the 
design  point);  mechanical  (tefects:  (same  as  for  Short  in  •  ^ 
Capaci^) 

Pump  Loses  Water  Alter  Starting 

Leaky  suction  line;  water  seal  plugged;  sudtion^lift  too  hig^x 
(often  caused  by  fouling  of  the  strainer  after  the  pump  is 
startecQ;  air  or  gases  in  water  » 

Pump  Overloads  Driver 

Sp^d  too  high;^  liquid  of  different  specific  gravity  and  viscos- 
ity too  high;  rubbing  caused  by  foreign  matter  in  the  pump, 
and  between  the  casing  rings  and  the  impeller;  mechanical 
defects:  rotating  element  binds,  shaft  bent,  and  worn 
bearings 

Pump  Vibrates 

Misalignment;  poor  foundation;  impeller  partially  clogged, 
causing  unbalance;  mechanical  (tefects:  (same  as  for  Pump 
Overloads  Driver) 

5  *  7&304 
Figurt  1S-10.^*-C«ntfifugal  pump  troubiM  ami  csutss. 


Stuffing  box- leakage.  This  causes  scoring  of  the 
shaft  sleeves.  Wl^never  the  pump  is  opened,  the 
sleeves  should  be  examined  and  if  slightly 
scored,  they  should  be  smoothed  up;  if  they  are 
badly  scored,  they  should  be  replaced. 

3.  BEARINGS:  Worn  sleeve  bearings  cause 
the  rotor  to  drop  which,  in  turn,  causes 
excessive  wear  of  the  casing  wearing  ring  and  the 
impeller  ring.  When  a  bearing  is  worn 
excessively,  it  should  be  replaced  as  soon  as 
possible,  in  accordance  with  the  manufacturer's 
instruction  manual. 

* 

Whenever  a  replaceable  precision  type 
bearing  is  disassembled,  it  should  be  inspected 
carefuHy  for  ridges,  scores,  and  wear.  The 
bearing  lining  should  be  firmly  anchored!  to  the 
shell  If  the  bearing  is  scored,  or  worn  beyond 
the  manufacturer's  recommended  tolerance,  it 
'   should  be  replaced.  \# 


Journals  should  be  kept  free  from  rust  and 
should  be  kept  smooth  at  all  times.  To  remove 
rust  spots,  ridges,  and  sharp  edges  of  scores^  the 
journals  should  be  lapped  with  an  oilstone  or 
with  an  oilstone  powder. 

4.  BUSHINGS: ^  Whenever  a  pump  is 
disassembled,  bushing  Jc^arances  should  be 
measured-  Bearing  j^sm  will  probably  cause 
bushing  wear,  and  the  bushings  should  be 
renewed  if* the  bearing  are  restored  to  their 
original  readings. 

-    VARIABLE  yrROKE  PUMPS 

Variable  stroke  pumps  are  used"  largely  on 
electrohydraulic  steering  gear,  elevators,  and 
cranes.  Although  they  are  generally  classified  as 
rotary  -  pumr^,  they  actually-  operate  on 
somewhat  the  same  principle  as  a  single-acting 
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reciprocating  pump.  A  rotary  motion  is 
imparted  to  the  pianp  by  a  constant-speed 
electric  motor,  but  the  actual  pumping  is  done 
by  a  set  of  pistons  reciprocating  inside  a  set  of 
cylinders.  The  way  in  which  these  pumps 
translate  rotary  motion  into  reciproc4iting 
motion  is  explained  and  illustrated  in  Fireman, 
NAVEDTRA  10$20-E: 

-       ■  / 

There  are  ,two  general  types  of  variable 
stroke  pumps .'  commonly  used  aboard  naval 
ships.  In  the  axial-piston  type,  the  pistons  are 
arranged  parallel  to  each  other  and  to  the  pump 
shpft;  in  the  radial-piston  type,  the  pistons  are 
arranged  radially  from  the  shaft. 


Axial-Piston  Variable  Stroke  Pump 


An  axial-piston  variable  stroke  pump  usually 
has  either  seven  or  nine  single-acting  pistons 
which  are  evenly  spaced  around  a  cylinder 
barrel.  (Cylinder  barrel,  as  used  here,  actually 
refers  to  a  barrel-Shaped  block  which  holds  all 
the  cylinaers.)  The  piston  rods  make  a 
ball-and-socket  connection  with  a  socket  ring. 
The  sockpt  ring  rides  on  a  thrust  bearing  carried 
by  a  casting  known  as  the  tilting  box  (tilting 
block). 

When  the  tilting  block  is  at  a  right  angle  to 
the  shaft,  the  pump  is  rotating  but  the  pistons 
do  not  reciprocate;  therefore,  no  pumping  takes 
place.  However,  when  th^Wock  is  tilted  (away 
from  the  right  angle),  the  pistons  reciprocate 
and  the  liquid  is  pumped. 

When  the  variable  stroke  axial-piston  pump 
is  used  as  a  part  of  the  power  unit^f  such 
equipment  as  electrohydraulic  anchor 
windlasses,  cranes,  winches,  and  steering. engines, 
the  tilting  block  is  arranged  so  that  it  may  be 
tilted  in  eithef  direction.  Thus,  the  pump  may 
be  used  to  transmit  power  hydraulically  to 
pjstons  or  rams,  or  it  may  be  used  to  drive  a 
iiydraulic  motor.  In  the  latter  case,  the  pump, 
which  is  driven  by  a  constant-sj^ed  electric 
motor,  is  connected. by  pipes  or  tubing  to  a 
hydraulic  motor.  This  motor  is  similar  in  design 
to  a  hydraulic  pump  except  that  most  motors 


have  the  tilting  block  mounted  in  a  fixed 
position.  When  the  tilting  block  is  fixed,  the 
motor  shaft  turns  in  the  direction,  and  at  a 
speed  directly  related  to  the  direction  and  angle 
of  tilt,  of  the  tilting  block  in  the  variable  .stroke 
.pump. 

Radial-Piston  Variable 
Stroke  Pump 

The  pumping  action  of  a  radial-piston 
variable  stroke  pump  (fig.  15-11)  is  similar  to 
the  axial-piston  type  just  described.  However, 
the  component  parts  are  ananged  differently.  In 
a  radial-pistori  pump,  the  cylinders  are  arranged 
radially  in  a  cylinder  body  which  rotates  around 
a  nonrotating  central  cylihdrical  valve  Or  pintle. 
As  the  cylinder  body  revolves,  each  cylinder 
contacts  either  an  intake  port  or  an  outlet  port 
in  the  central  cylindrical  valve.  Plungers  or 
pistons,  which  extend  outward  from  each 
.'  cylinder,  butt  against  a  slipper  ring^on  the  inside 
of  a  rotating  float  ring  or  rotor. 

The  floating  ring  is  so  constructed  that  it  can 
be  shifted  off  center  from  the  pump  shaft.  When 
it  is  in  the  neutral  position,  the  pi^ipns  do  not 
reciprocate  and  the  puihp  does  not  <<perate,  even 
though  the  electric  motor  is  still  causing  the 
pump  to  rotate,  If  the  floating  ring  is  forced  off 
center  to  one  side,  the  pistons  reciprocate  and 
the  pump  operates.  If  the  floating  ring  is  forced 
'Off  center  to  the  other  side  of  the  pump  shaft, 
the  pump  also  operates,  but  the  direction  of 
flow  and  the  amount  of  flow  are  both 
determined  by  the  position  of  the  cylinder  body 
relative  to  the  position  of  the  floating  ring. 

JET  PUMPS 

Unlike  other  pumps,  a  Jet  pump  has  no 
moving  parts.  A  simple  jet  pump,  illustrated  in 
figure  15-12,  consists  of  a  jet  supply  line,  a  jet  or 
nozzle,  a  suction  line,  a  suctioh  chamber,  a 
diffuser,  and  a  discharge  line. 

In  a  jet-type  pump,  pumping  action  is 
cTeated  by  passing  a  fluid  (water,  steam,  or  air) 
through  a  nozzle,  at  a  high  pressure  and  velocity 
through  a  chamber  that  has  suction  and 
discharge  openings. 
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Figurt  19-t2.— Simptt  j«l-typ«  pump. 


The  principles  of  jet  pump  operation  are  as 
follows:  Upon  starting  up,  the- rapidly  moving 
jet  flufd  pushes  on  and  gives  sufficient  rnqtion  to 
the  air  (or  whatever  substance  may  be  in  "the 
suction  chamber)  to  (»rry  it  out  through  the 
dischar^  line.  Displacing  of  ^e  air  from  the 
suction  chamber  creates  a  partial  vacuum,  within 
the  suction  chamber,  causing  fluid  to  flow 
through  the  suction  line.  The  fluid  entering  the 
chamber  from  the  suction  line  is  picked  up  by 
the  high  velocity  fluid,  thus  providing 
continubus'pumping  action. 


V, 


The  suction  lift  and  discharge  pressure  of  a 
simple  jet-type  pump  are  not;  k)  p-eat  as  the  lift 
and  pressure  of  other  types  of  pumps-  However, 
a  special  class  of  jet  pumps,  such  as  two-stage  air 
eaectofs,  is  capable  of  creating  greater  suction 
lift  than  most  mechanically  operate  pumps. 
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9«cause  of  their  simplicity,  jet  pumps 
generally  require  very  ^tQe  maintenance.  Since 
there  are  no  moving  parts,  oniy  the  nozzles  will 
show  wear.  The  erosion  ^tion  will  cause  the 
,  nozzles  to  become  enlarged;  in  this  case  they  are 
generally  renewed.  OccasdcHially  the  nozzles  are 
l^moved;  the  st-aiiwrs,  if  fitt«J,  are  cleaned;  and 
'  a  special  reamer  is  inserted  in  the  nozzles  to 
clean  oiit  any  rmt  or  scale  that  may  have 
accumulated. 


VALVES 

In  the  ■  various  systems  of  an 
internal-combustion  engine,  valves,  of  many 
types  are  used  to  regulate  the  quantity  of  liquid 
flowing  to  tlw  wious  components  of  the 
systems.  All  valves  used  in  engine  systems  may 
be.  grouped  in  two  general  das^fications: 
manually  operated  valv^  and  automiitic  valves. 

Manually  operated  valves  include  all  valves 
that  are  adjusted  by  hand.  Automatic  valves 
include  check,  valves,  thermostatic  valv^,  and 
pressure-regulating  valves.  Most  of  these  valves 
have  been  introduced  and  illustrated  In  Fir^mn, 
NAVEDTRA  miQ^B.  Thermostatic  valveslfere 
discussed  in  chapter  8  of  this  manual.  The  valves 
consi^red  in  this  chapter  are  primarily  of  the  ■ 
.  manual  type,  ^me  of  the  troubles  that  may  be 
encountered  with  valves  and  information  on 
general  maintenance  are  presented  in  this 
\  section. 

\  GLOBEVALVES 

The  repair  of  globe  valves'  (other  tiian 
routine  renewal  of  packing)  is  generally  limited 
J_^^4crrefmishing  the  mt  and  ^k  surfaces.  When 
j    this  work  is  being  done,  there  are  certain 
precautions  that  should  be  observed. 

When  reflnishing  the  valve  face  and  seat,  do 
not  remove  any-mcffe  material  than  necessary. 
Valves  that  do  not  have  replaceable  valve  Seats 
can  be  refmished  only  a  limited  number  of 
times. 

Before  doing  any  repair  to  the  seat  and  disk 
of  a  globe  valve;  check  to  be  sure  that  the  valve 
disk  is  secured  rigidly  to,  anrf  is  square  on,  the 
f  valve  stem.  Also,  check  to  be  sure  that  the  stem 
is  straight.  If  the  stem  is  not  straight,  carefully 


inspect  the  valve  dis|£  for  evidence  of  wear,  for 
cuts  on  the  seating  area,  and  for  improper  fit  of 
the  disk  to  the  seat.  If  the  di;sk  and  the  seat 
appear  to  be  in  good  condition,  spot-in  to  find 
owt  whether  they  actually  aje  in  good  tonditfon. 

Spotti£y;-in  Globe  Valves 

Spotting-in  is  the  me^od  used  to  visually 
determine  whether  the  seat  and  the  disk  make 
good  contact  with  each  other.  To  spot-in  a  valve 
seat,  first  apply  a  thin  even  coating  of  prussian 
blue  over  the  entire  machined  face  surface  of  the 
disk.  Then,  insert  the  disk  into  the  valve  and 
rotate  it  a  quarter  turn,  using  a  light  downward 
pre^ure.  The  prussian  blue  will  adhere  to  the 
valve  seat  at  those  points  where  the  disk  makes 
contact.  Figure  1 5-13  shows  a  correct  seat  when 
it  is  ^tted-in;  it  also  shows  various  kinds  of 
imperfect  seats. 

\  After  you  have  noted  the  condition  of  the 
seat  surface,  wipe  all  the  pnissian  blue  off  the 
disk  face  surface.  Apply  a  thin,  even  coat  of 
Prussian  blue  to  the  contact  face  of  the  seat,  and 
again  place  the  disk  on  the  valve  seat  and  rotate 
the  disk  a  quarter  of  a  turn.  Ej^amine  the 
resulting  blue  ring  on  the  valve  disk.  The  ring 
should  be  unbroken  and  of  uniform  width,  if 
the  .blue  ring  is  broken  in  any  way,  the  disk  is 
{lot  making  a  proper  fit.  v 
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Grioding-in  Globe  VaKes 

Grinding"in  is  the  manual  prooss  used  to 
remove  small  irregularities  from  tfie  contact 
surface  of  the  seat  and  the  disk  of  a  valve.  Do 
not  confine  grinding-in  with  refscing  processes 
in  which  lathes,  valve  reseating  machine,  or 
power  grinders  arc  ..lued  tQ  jecpnd^^ 
seating  surfaces. 

To  grind-in  a  valve,  first  appiy^  a  small 
amount  of  grinding  compound  to  the  face  of  the 
disk.  Then  insert  the  disk  into  the  valve  and 
rotate  the  disk  back  and  forth  about  a  quarter  of 
a  tum;  shift  the  dUk-seat  relation  from  time  td 
time  so  that  the  disk  wiU  be  moved  gradually,  in 
increments,  through  s^eral  rotations.  During 
the  grinding  process,  the  grindii^  compound  will 
gradually  be  displaced  from  between  the  seat 
and  disk  surfaces/  therefore,  you  must  stop 
every  minute  of  so  to  replenish,  the  compound. 
When  you  do,  this,  you  should  wipe  both  the 
seat  and  the  disk  clean  before  applying  the  new 
compound  to  the  disk  face. 

^ 

When  it  appears  that  the  irregularities  have 
been  removed,  spot-in  the  disk  to  the  seat,  in  the 
manner  previously  described. 

Grinding  is  also  used  to  follow  up  all 
machining  work,  on  valve  seats  or  disks.  When 
the  valve  seat  and  disk  are  first  spotted-in  ^ter 
,they  have  been  machined,  the  seat  contact  will 
bfc  very  mwrow  ^nd  will  be  located  close  to  the 
bore.  Grinding-in,  using  finer  and  finer 
compounds  as  the  work  progresses,  causes  the 
seat  contact  to  become  broader.  The  contact 
area  shoulS  be  a  perfect  ring,  covering 
approximately  one-third  of- the  seating  surface. 

Be  careful  that  you  do  not  overgrind  a  valve 
seat  or  disk.  Overgrinding  tends  to  produce  a 
groove  in  the  seating  surface  of  the  disk;  it  also 
tends  to  round  off  tjie  strai^t,  angular  surface 
of  the  disk.  Machining  is^e  only  process  by 
which  overgrinding  can  be  corrected. 

Lapping  Globe  Valves 


removed  by  grinding-in,  the  irregularities  can  be 
removed  by  lapping.  A  cast-iron  lapping  tool 
(lap),  of  exactly  the  same  size  and  shape  as  the 
valve  disk,  is  used  to  true  the  valve-seat  surface. 
Two  lapping  tools  are  s^jown  in  figure  1 5-14. 

The  mc^t  important  points  to  remember 
whib  using  the  lapping  tool  are : 

1 .  Do  not  bear  heavily  on  the  handle  of  the 

lap. 

2.  Do  not  l^^ear  sideways  on  the  handle  of 
the  lap. 

3.  Change  the  relationship  between  the  lap 
and  the  valve  seat  so  that  the  lap  will  gradually 
and  slowly  rotate  around  the  entire  scat  drcle- 

4.  Keep  a  check  on  the  working  surface  of 
the  lap.  If  a  groove  develops,  have  the  lap 
refaced. 

5.  Always  clean  compound  for  lapping. 
6:  Replace  l^e  compound  often. 

•   7.  Spread  the  compound  evenly  and  lightly. 
S.  Do  not  lap  more  than  is  necessary  to 
produce  a  smooth,  even  seat. 

9.  Always  use  a  fine  grinding  compoimd  to 
finish  the  lapping  job. 

10.  Upon  completion  of  the  lapping  job, 
spot-in,  grind4n  the  disk  to  the  seat,  and  remove 
any  traces  .of  grinding  or  lapping, compoimd.  , 

Use  only  approved  abrasive  compounds  for 
reconditioning  valve  seats  and  disks.  There  are 
four  ^ades  of  compounds  for  lapping  and 
grinding  valve  disks  and  seats.  A  coarse-grade 
compound  is  used  when  extensive  corrosion  or 


When  a  valve  scat  contains  irregularities  that 
are  slightly  larger  than  can  be  satisfactorily 
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deep  cuts  and  scratches  are  found  on  the  disks 
and  seats.  A  compound  of  medium  grade  is  used 
to.4ollow  up  the  coarse  grade;  it  may  also  be 
used  to  start  the  reconditioning  pix>ccss  on 
valyiss  which  are  not  severely  damped.'  A 
fme-^ade  compound  should  be  used  when  the 
iwnditioning  process  ncars  completion.  A 
iTucroscopic  fine  grade  is  used  for  finish  lapping, 
and  for  all  grinding-in.  _j 


Refacing  Globe  Valves 


Badly  scored  valve  seats  may  be  refaced  in  a 
lathe,  with  a  power  grinder,  or  with  a  valve 
reseating  machine.  The  lathe,  rather  than  the 
reseating  machine,  should  be  used  for  refacing 
all  valve  disks  and  all  hard  surfaced  valve  seats. 
Work  that  mjjgt  be  done  oh  a  lathe  or  with  a 
powej  grind^rsRould  be  turned  over  to  shop 
personnel.  The  discussion  here  applies  only  to 
refacing  valve  seats  with  a  reseating  machine  of 
the  type  shown  in  figure  15-15.  - 

To  reface  a  valve  seat  with  a  reseating 
machiiK,  attach  the  (iorrect  facing  cutter  to  the 
machine.  With  a  fine  file,  remove  high  spots  on 
.  the  surfa(x  of  the  flange  on  which  the  chuck 
jaw%  must  fit.  (Note:  A  valve  reseating  machine 
can  be  used  ONLY  with  a  valve  that  has  the 
inside  of  the  bonnet  flange  bored  true  with  the 
valve  seat;  if  this  condition  does  not  exist,  the 
-valve  must  be  reseated  in  a  lathe  and  the  inside 
flange  must  be  bored  true.) 

J,  Before  placing  the  chuck  in  the  valv6 
opening,  open  the  jaws  of  the  chuck  wide 
enough  to  rest  on  the  flange  of  the  opening. 
Now  tighten  the  jaws  lightly  so  that  the  chuck 
securely  grips  the  sides  of  the  valve  opening.  Tap 
the  chuck  down  with  .a  wooden  mallet  until  the 
Jaws  rest  firmly  and  squarely  on  the  flange;  then 
tighten  tl»  jaws. 

Adjust  and  lock  the  machine  spindle  in  the 
cutting  position  and  start  the  cutting  by  ttfming 
slowly  on  the  crank.  Feed  the  cutter  slowly  so 
that  very  light  cuts  are  taken.  After  some 
experience,  you  will  learn  by  "the  feel"  whether 
the  tool  is  cutting 'evenly  all  around.  Remove  tlie 
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chuck  and  determine  if  enough  ^letal  has  been 
removed  from  the  face  of  the  seat. 

Be  sure  the  seat  is  perfect.  Then  remove  the 
cutter  and  face  off  the  top  part  of  the  seat  with 
a  flat  cutter.  Dress  the  seat  down  to  the  proper 
dimensions,  as  follows:  -  ' 

WIDTH  OF  SEAT         SIZE  6j|^^ALVE 


1/16  inch 
3/32  inch 
1/8  inch 
3/16  inch 


1/4  to  1  inch 

1  1/4  to  2  inches 

2  1/2  to  4  inches 
4  1 12  to  6  inches 


After  the  refacing,  grind  in  the  seat  and  disk. 
Spot-in  as  necessary  to  check  the  work.  A  rough 
method  of  spotting-m  1^  you  may  use  is  to 
place  pencil  marks  on  th^earing  surface  of  the 
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scat  or  disk;  then  place  the  disk  on  the  seat  and 
rotate  the  disk  about  a  quarter  of  a  turn.  If  the 
pencil  marks  on  the  seating  rub  off,  the  seating 
is  considered  satisfactory. 

Repacking  Vaive  Stuffing  Boxes 

If  the  stem  of  a  globe  ism  good  condition, 
stuffing-box  leaks  can  usually  be  stopped  by 
tightening  up  on  the  gland.  If  this  does  not  stop 
the  leakage,  repack  the  stuffing  box.  The  gland 
must  not  be  set  up  on  or  packed  so  tightly  that 
the  stem  binds.  If  the  leak  persists,  a  bent  or 
scored  valve  stem  may  be  the  cause  of  the 
trouble, 

NAVSEA  has  a  four-digit  number  symbol 
system  for  identifying  each  kind  and  type  of 
packing  .considered  necessary  in  the  Jiayal 
service.  The  first  digit  indicates  the  class  of 
service  with  respect  to  fixed  and  moving  joints. 
The  second  digit  indicates  the  material  of  which 
the*  pa^cking  or  gasket  is  primarily 
composed-asbestos,  vegetable  fiber,  tubber, 
metal,  etc.  The  third  and  fourth  digits  indicate 
the  different  types  or  forms  of  packing  made 
from  the  material.  The  NAVSEA  Mecj^ical 
Standard  Drawing  B  153  shows  the  syinbol 
index  for  all  types  and  kinds  of  shipboard 
packings  and  gaskets  necessary  in  the  naval 
service,  and  the  recommended  application. 

Most  ships  have  a  packing  and  gasket  chart 
made  up  specially  for  each  ship.  The  shipboard 
chart  shows  the  symbol  numbers  and  the  sizes  of 
packing  and  the  gaskets  required  in  the  ship^s 
piping  system,  machinery,  and  hull  fittings. 

To  install  packing  does  not  require  great 
skill,  but  a  mechanioQly  correct  job  demands 
care.  When  instalhng  packing  in  moving  parts,  be 
sure  that : 

^  1.  The  proper  mater4al  is  used.  Consult  the 
packing  chart.  ^ 

2.  The  rod  or  stem  is  not  bent,  scored,  or 
rusty. 

3.  The  packing  gland  is  in^lignment  with 
the  rod  or  stem. 

4.  ^  The  packing  gland  is  not  cocked. 

5.  The  old  packing  has  been  removed. 

6.  The  threads  on  the  gland  studs  are  not 
bujred^  so  as  to  prevent  setting  up  of  the  gland 


Cut  the  end  of  the  packing  rings  square,  and 
leave  about  a  1/16-inch  space  between  the  ends 
to  allow  for  elongation  when  the  gland  is 
tightened.  Place  the  packing  in  the  stuffing  box 
so  that  th^  joints  will  be  staggered.  Never  fill  the 
stuffing  box  to  the  extent  that  the  gland  cannot 
enter.  Set  the  gland  nuts  up  evenly  and  permit 
some  leakage  while  the  pacldng  is  adjusting  itself 
to  the  stem.  Never  jam  the  packing  glands  tight 
with  a  wrench. 

GATE  VALVES 

The  manner  in  which  a  gate  valve  is  used  has 
a  great  deal  to  do  with  the  service  life  of  the 
valve.  Gate  valves  should  always  be  used  either 
wide  open  or  fully  closed.  They  should  not  be 
used  in  a  partially  opened  position.  When  agate 
valve  is  \  partly  open,  the  gate  is  not  held' 
securely Atherefoie,  it  swings  back  and  forth 
with  the  \ulsato  of  the  flow.  As  the  gate 
swings,  it  sdikes  the  valve  body  and  the  finished 
surfaces,  nicking  and  scoring  theravWhen  these 
surfaces  are  imperfect,  the  valve  gate  cannot  seat 
accurately  and  seal  off  the  flow. -A  gate  valve 
should  never  be  installed  in  any  position  where  a 
throttling  or  flow-regulating  valv.e  is  required; 
^for  such  service  a  globe  valve  should  be  used. 

Lapping  is  the  best  method  for  correcting 
gate-valve  defects  such  as  light  pitting  or  scoring 
and  imperfect  se^at  contact.  The  lapping  process 
is  the  same  for  gate  valves  as  it  is  for  globe 
valves,  except  that  the  lap  is  turned  by  a  handle 
which  extends  through  the  end  of  the  valve 
body.  The  lapping  tool,  without  its  haiidle,  is 
inserted  into  the  valve  in-  such  a  manner  tha^it 
covers  one  of  the  seat  rings.  Then,  the  handle 
attached  to  the  lap  and  the  lapping  is  begun.  The 
wedge  gate  can  be  lapped  to  a  true  surface,  usinf 
the  same  lap  that  is -used  on  the  seat  rings-- 
CAUTION:  DO  NpT  use  the  gate  as  a  lap. 

No  more  mlherial  should  be  removed  than  is 
necessary.  It  is  possible  to  resurface  a  gate  valve 
only  a  limited  number  of  times.  By  removing 
too  much  material  each  time;  the  total  number^ 
of  times  the  surfaces  carf  be  renewed  will  be 
decreased^  and  the  overall  life  of  the  valve  will 
thereby  be  shortened. 

On  larger  gate  valves,  When  the  seat  rings 
become  so  deteriorated  that  they  cannot  be 
repaired  by  lapping,  the  seat  rings  can  be 
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removed  fropi  the  valve  body  and  replaced  with 
new  ones'. 

It  is'  not  a\|vkable  to  attempt  to  repair  ^  g^te 
valve  without  removing  it  from  the  pipL 
system.  Removing  the  valve  simplifies  the  rcp*_ 
job  and  gives  more  assurance  that  a  good  job  will^ 
be  performed. 

LeaJcage  around  the  stem  of  a  gate  valve  is 
caused  by  troubles  similar  to  those  encountered 
in  leaking  globe  valves.  The  procedure  for 
stopping  leakage  around  the  vah'e  stem  is  the 
same  for  both  types  of  valves. 

PLUG-COCK  VALVES 

Manually  operated  valves  of  the  plug-cock 
type  are  sometimes  used  in  the  lines  of  the 
engine  cooling  system.  A  plug-type  valve  has  a 
rotating'  plug  which  is  drilled  for  the  passage  of 
the  fluid.  Rotation  of  the  plug  changes  the 
position  of  Ihe  drilled  passages  with  respect  to 
the  ports  of  the  valve.  In  tliis  manner,  the  rate 
(and,  in  three-way  proportioning  valves,  the 
direction)  of  flow  of  the  coolant  is  adjusted. ' 

A  hard  lubricant  in  stick  form  is  used  to 
effectively  seal  and  lubricate  the  rotating  plug. 
Proper  lubricating  ensures  ti^tness,  maximum 
life,  and  case  of  operation.  Improper  lubrication 
may  caij^  the  valve  to  stick  or  to  leak  and  may 
cause  excessive  wear  of  the  rotating  plug. 
Excessive  lubrication  should  be  avoided  s&  it 
may  cause  grease  to  be  deposited  in  the 
cooling-system  components. 

Instructions  relative  to  the  proper 
lubrication  of  plug-cock  valves  must  be  followed 
strictly,  if  valve  trouble  is  to  be  avoided.  Many 
times,  it  is  necessary  only  to  lubricate  the  valve 
*to  eliminate  -tf^age  or  sticking  of  the  plug. 
However,  if  t^  valve  has  hot  been  properly 
lubricated  for  a  l6ng  time,  it  may  be  necessary 
to  replace  valve  parts  that  have  been  damaged  by 
lack  of  lubricant. 

To  lubricate  the  valve,  remove  the  lubricant, 
setscrew  and  insert  a  stick  of  lubricant.  (The 
type  of  lubricant  to  be  used  depends  upon  the 
fluid  that  the  valve  is  handling.)  The  lubricant  is 
forced  into  the  plug-cock  valve  by  the  lubricant 
setscrew  until  the  lubricant  is  forced  out  around 
the  neck  or  the  stem  of  the  valve.  A  check  valve 
within  the  lubricant  passage  allows  the  plug-cock 
valve  to  be  lubricated  under  pressure.  When  a 


plug-cock  valve  is  being  lubricated,  the  valve 
must  be  either  wide  open  or  completely  closed. 
If  this  precaution  is  not  t^ken,  the  lubricant  will 
be  forced  into  the  water  stream  and  will  not 
lubricate  the  valve. 

a4x:K  VALVES 

Check  valves  are  used  to  prevent  the 
backflow  of  fluid  in  a  line.  A  typical  check  valve 
is  actuated  by  a  light  spring  that  seats  the  valve 
when  the  flow  ceases.  " 

Leaks  are  the  principal  trouble  encountered 
with  check  valves.  Leakage  is  caused  by  a  pitted 
disk  or  valve  seat.  Such  pitting  u^aHy  results 
when  abrasives  are  caught  between  the  disk  and 
theseat. 

When  a  check  valve  requires  maintenance 
because  of  pitting,  the  work  required  will 
depend  upon  the  type  of  disk  in  the  valve  .  When 
a  leaking  check  valve  has  a  ball-type  disk,  it  will 
be  necessary  to  replace  the  ball  and  to  grind  the 
seat.  When  a  defective  valve  has  a  flat  or  conical 
disk,  it  will  usually  be  possible  to  repair  the 
damped  surfaces  by  grinding  the  disk  to  its  seat, 
with  a  fine  grinding  compound. 

When  installing  or  replacing  check  valves, 
remember  that  fluid  will  flow  through  them  in 
only  one  direction.  Be  sure  that  they  are 
installed  correctly. 

PRESSURE-REGULATING  VALVES 

Pressure-regulating  valves  are  required  in  a 
lubricating  oil  system  to  maintain  an  even 
lubricating  oil  pressure  as  the  engine  speed 
changes.^  Sinc^  lubricating  oil  pumps  are  of  the 
■positive-displacement  type,  it  is  essential  that 
excess  oil  Has  some  means  of  escape;  otherwise, 
extremely  high  pressures  wiU  develop  in  the  lines 
and  at  the  bearings.  Effective  pressure-regulating 
valves  are  indicated  by  low  and  erratic 
lubricating  oil  pressures  wliich  are  most 
noticeable  when  the  lubricating  oil  temperature 
is  high.  There  are  many  other  factors^  however, 
that  will  cause  the  same  symptoriis;  these 
Include  a  clogged  filter  or  cooler;  a  torn  oil 
pump,  loose  bearings,  a  low  oil  level,  high  oil 
temperatures,  oil  dilution,  and  oil  leaks. 

Most  pressure-regulating  valve  failures  are 
due  to  wear  in  the  valves.  However,  a  valve  may 
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Figurt  15-16L-Buttcrfiy  vaiva. 


fail  to  functiCHi  properly  because  of  a  loose 
locknut,  a  scored  seating  surface,  the  binding  of 
moving  parts,  or  other  defects. 

If  the  adjusting^crew  locknut  becomes 
loose,  the  adjusting  screw  will  back  off, 
decreasing  the  tension  in  the  spring  and  the  load 
on  the  valve.  Scored  and  pitted  valves  and  valve 
seats  will  cause  poor  pressure  control.  When  the 
valve  seat  and  the  disk  become  badly  pitted,  the. 
operation  of  the  valve  wjll  often  be  irregular; 
sometimes  it  v^ill  maintain  normal  pressure,  and 
at  other  tiitifcs  it  will  allow  the  pressure'^  fall 
below  the  required  level.  If  the  assembly 
becomes  gummed,  diie  to  either  the  oil  or 
foreign  particles  in  the  oil,  the  disk  will  stick  in 


the  open  position  and  will  Qff^m>  restriction  to 
the  amount  of  oil  bypa^d.  Tlyp  eff^t  is  more 
noticeable  at  lower  speeds.  When  a 
piessuie-regulatmg  valve  fails  to  function 
properly  ijecause  of  wear,  the  valve  should  be 
replaced.  - 

BUTTERFLY  VALVES 

The  butterfly  valve,  illustrated  in  figure 
15-16,  has  some  advantages  in  certain, 
applications  over  the  gate  and  globe  valves.  The 
butterfly  valve  is  light  in  weight; it  takes  up  less 
space  than  a  gate  valve  or  a  globe  valve;  it  is  easy 
to  overhaul ;  and  it  is  relatively  quick  acting .  • 

Although  the  design  and  construction  of 
butterfly  valves  miy  vary  somewhat,  a 
butterfly-type  disk  and  some  means  of  sealing 
are  common  to  all  valves  of  this  type. 

The  butterfly  valve  described  in  thi^  chapter 
consists  of  a  body,  a  resilient  seat,  a 
butterfly-type  disk,  a  stem,  packing,  a  notched 
positioning  plate,  and  a  handle.  This  valve 
provides  a  positive  shutoff;  it  may  be  used  as  a 
throttling  valve  set  in  any  position  from  full 
open  to  full  closed  where  the  pressure  drop 
across  the  valve  does  not  exc^d  40  psi.  The 
.  replaceable  resilient  seat  is  held  firmly  in  =place 
by  mechanical  means;  neither  bonding  nor 
cementing  is  necessary. -It  is  qot  necessary  to 
grind,  lap,  or  do  madiine  work  to  replace  the 
valve  seat,  so  overhaul  of  the'  valve  is  relatively 
simple.  The  resilfcut  seat  is  imder  compression 
when  .it  is  mounted  in  the  valve  body,  thus 
making  a  seal  around  the  periphery  6f  the  disk 
and  both  upper  and  lower  points  where  the  stem 
passes  throu^  the  seat.  Packing  is  provided  to 
form  apo&itivi  seal  around  the  stein  in  the  event 
the  seal  formdjj  by  the  seat  becomes  damaged. 
When  closing  the  valve,  you  nefed  to  turn  the 
handle  only  a  quarter  of  a  turn  to  rotate  the  disk 
90";  the  resilient  seat  exerts  po^tive  pressure 
against  the  disk,  ensuring  a  tight  shutoff. 

Butterfly  valves  are  designed  to  meet  a 
variety  of  applica^ons.  The  shipboard  systems  in 
which  these  valves  are  now  being  used  include 
freshwater,  scawater,  JP-5  fuel,  Navy  special  fuel 
•  oil,  diesel  oil,  and  lubricating  oil. 
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COMPRESSElf  AIR  SYSTEAA? 


^     As  on  of  EN2  you  should  have.-.a 

thorough  knowledge  of  "air  compressors,  their , 
constmctibn,  and  care.  Yoii  -  wiU  find  thaty, 
compressed  air  serves  many,  purpcjses  aboard 
ship  ajid  that  air  outlertSHare  instalfed  in  various  / 
suitable  locations  throughout  the^^|;  Th^'uses 


or  multistage  and  hoqzbntil,  angle^  o;^;  vertical,, 
as  shoVn  in  figure  I6ry.    ,  .  -     V: ' 

'  In  a  duplex  compressoi- (g^  16^1  b)  th^  two 
,  pistons  travel togeth^  CRa^atlel').  ,ln'i»ther  words, 
hopi  ^fiistons  (l:ompre^0n/cle;raieii.t$)'  afe  '^tljer 
4ischargiiig  or  tajcing  a  sUctipn    th&  sanje'time/ 


Of  compressed  ^5  include,  ^t.^^e^  not' iim|te4..',^  ;-^ 
to,  the  -operation  of  pfi^^iinm  ^took^  ^^^^  jilacc. 
equipment.  pra'in^mgskeF  sy^em^  ai^leng?h(?/>^:^.  so '  that 

st^ng-  and/|5t  speed  C9ntfi^.  aii-  debiUastirig,  > "  •  .'l^dR&llJiaii  ^0ne-  ?t^gdTakes         within  'oL 
toiyedo  ch4rg^g,^^d',ei«^ctin^,v^cwft  stpi^in^^:^  :v  com:|(j-e«sing' !  6^epe^t.  ■  Ih-  «i  .>iBgleTsiaife' 
cckiling.  an^,,;  the ;  operation 'o^^  pnet^^^      ' ,  ,(¥)i^pitssor.  the  dokpres^^^       th^  m,  ff6m 
boilf^   and    ptdpulsion    cb'nttpj  sy^tenjs.     '  sue.tion  .  jpr^ssuf e  ts?        dischktge  pres§ufe-  is^' 
Compressed  ait  ,  IS,  ^Upplk^  tp'^tjie  ,  v^^us;  ' .  cotripleled  in  a  single 'cqittpr^^^ 
ptems  by  high^pre^ura,  med^m-pfessfure^'oi;:,  ,  a;singl^  M^n^^r-     a itiiiltistageWo^p^ 
Itjw-pres^ure  air  j^mpre^sdrs,  dqSen^h^^^^^     thi?    ;  aif%is  c^mpresS^d,  in  two  'pr  inbifcompr^pn 
needsfofthe  shiR.,;Reduain^\vaiive^  ipaj^  b0:use4',  .  eie^itteiT-tsto r^chtelteh^^^^ 
to  red-uce^gh-pti^ure  aiir.  to  ai  I(?wer  pi^$^ure        ■  'In' iaddi^joni  ^compressor  'n^ayX.  «^er 
for  a  specific  us^. , .  , -  , '        ^    •        ;  ,    ; single-acting Hcptnpres^iW,  taJces  pHce^  b^ly  . 

■;■  . '       ■  ■  '"'  '      ':■  \  ■  one;  strok<  per'TevoIutioii}  or,-  iciiike^acting. 

;.,  (compressidn.  taJ^ 

■  revQlpiion,  meaiiiiig  ;that  compression  is  taldng 

■  place  qri  both  sides  of  the  pistph  and  th^t  each 


AIR  dDMPR|ssdjRiS  :  ' 

The  air  compressor  is  the  tert' of  arii? 


compressed  airsyste^"  The ,  co^pre.ssbt  Ves'S, , '  '  ^^f^py^nder  is  nm  with  suction  and 

atmospheric' «^ir,  compres^  ,  it 

desired,  and  *'niimn«'.'  the  kir  }<,tn,;«.«Ji^M;uU       T    .    "  '  «WaI»    Comprcssork    a;e  classified 


desired,  and  ''pumpsV  the  a|r  into  syppiy  liiies  or 
into  storage  fof  later  use.  "     ,  <  ; 

There  are  a  numfcer  ot^  variations  in  the 
design,    construction,  ,  add    metliod   \of , 
compression    of    ai^'^conipr^^ore.    Tft^  ' 
constmction  and  principles  of  operation  of^or^e  ' 
of  the  most  common  types , of  air  compressors 
used  in  Navy  ships,  wiH  be  discussed  in  .this 
chapter.    >  ' 

COMPRESSOR  CLASStlFICATiONS 

^'Air  'compressors  are  classified  in  various 
iways.  A  compressor  may  be  duplex  single-stage 


iccor iiing  to  capacity  (high  or  low)  type  of' 
:  ^dmpressing '  elemei][t,  th^  source,  of  driving 
powen,  the  nijeth^d  by  whiph  the  driving  tinit  is 
cbrln^d^^d  ,  to  ';  tii^   compressor  .'(beltrdfiven, 
,direct-cdnnected,  itc)»  the;  pressure!  dpy^lpped, 
,?im  Whether  the  air  delivered  is  oil  free  ^  nonoil 
__";free.       '  '  ■  '  ,  ' 

Types  of  Compressing  Elements     ■  ,^ 


Shipboard  air  C'omi^ressorss  may  be 
centrifugal,,    rotary,    or    reciprocating,  The 
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Fiflurt  16-2. -A  simpia  two-itagi  rtciprocating  low-prMwrc  air  oompr«isor. 


reciprocating  type  is  generally  selected  for 
capacities  from  200-800  cubic  feet  per  minute 
.  (c^n)  and  for  pressures  x)^  1 00  to  5,000  psi;  the 
rcftary  lobe  type  for  capacities  up  to  8,800  cfm 
and  for  pressures  no  more  than  20  psi;  and  the 
ccntrifu^  type  for  800  cfm  or  greater 
capacities  (up  to  2,100  cfm  in  a  single  unit)  and 
for  up  to  1 25  psi. 

Most   gcneral-service-usc   air  compressors 
aboard  ship  arc  "reciprocators"  (fig.  16-2).  In 
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this  type  compressor  the  air  is  compressed  in 
one  or  more  cylinders,  very  much  like  the 
compression  that  takes''  place  in  an 
intema^combust^on  engine. 

Sources  of  Power 

Compressors  are  driven  by  electric  motors  or 
steam-turbines.  Aboard  ship,  njost  lovv^ pressure 
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and  hi^piessiut  air  compxtssofs  are  driven  by 
electric  motors. 

■ 

Dfive  Coimecttoitt 

The  *driYing  unit  may  be  connected  td  the 
compmsor  by  one  of  several  methods.  When  tlw 
compressor  and  the  driving  unit  are  mounted  on 
the  same  shaft,  they  are  close^oupled.  Gose 
coupling  is  usually  t^tricted  to  $mall  capacity 
compressors  ^t  are  driven  by  electric  motors. 
However,  the  high-speed,  single-stage, 
centrifugal,  turbine-driven  unite  serving 
prairie-masker  systems  in  FF  1052  and  similar 
ships  are  clc^e-coupled^  Flexible  coujdings  are 
ysed  to  join  the  driving  unit  to  the  compressor^ 
when  the  spe<^d  of  the  compressor  and  the  speed 
of  the  driving  unit  are  the  same.  This  is  called  a 
direct-ccmpled  drive.  - 

V-belt  drives  are  commonly  used  with  small, 
low-prcssi^,  moto^driven  compre^rs,  and 
with  some  me^iium-pressure  compressors.  In  a 
few  instaUations,  a  ri^d  cou^ing  is  usoi 
between  the  compressor  and  the  electric  motor 
of  a  motor^^driven  compre^r.  In  a 
steam-turbine  drive,  compressors  are  usugUy 
(not  always)  driven  throu^  reduction  i^sars,  ot, 
in  the  case  of  centrifugal  (high  speed)  ^ 
compressors,  through  speed  increasing  gears. 

Pre^^^e  Clasfifiaition 

In  accordance  NAVSHIPS'  Technical 
Manual,  compressors  are  clas^Hed  as-,, 
low-pressure,  medium-pressure,  Or  high-pres^ire. 
Low-pressure  compres;sK>rs  have  a  discharge 
pressure  of  ISO  psi  or  kss.  Medium-pressure 
compressors  have  a  discharge  pressure  of  1 51  psi  > 
to  1,000  psi.  Compressors  that  have  a  discharge 
pressure  above  1,000  psi  are  classified  as 
high-pressure. 

Most  low-pressure*  reciprocating  air 
compressors  are  of  the  two-stage  type  with 
dther  a  vertical  "V"  (fig.  1 6-2)  or  a  vertical  **W** 
(fig.  16-3)  arrangement  of  cylinders.  Two-stage, 
two-cylinder,  V-type  low-pressure  compressors 
have  one  cylinder  for  the  Tirst  (lower  pressure) 

t 

O  .  "  33 


stage  of  compression  and  one  cylinder  for  tl» 
secoid  (higher  pressure)  stage  of  compression. 
Three«ylinder,  W-type  compressw^  have  two 
cylinders  for  the  first-stage  oi  compression  and 
one  cylinder  for  tl^  second  stage.  This 
arrangement  is  also  shown  in  part  A  of  figure 
16-4.  Notice  that  the  pistons  in  the  lower 
{H'essure  stage  (1)  have  a  larger  diameter  than  the 
piston  in  the  higiher  pr^sure  stage  (2). 

Medium-pressure  air  compressors  are  of  the 
two-stage,  vertical,  duj^texr  "angle-acting  typ?- 
Many  medium-presaire  compressors "  have 
differential  pistons;  this  type  of  piston  has  more 
than  one  stage  of  ccmipression  during  each 
stroke  of  the  piston.  (See  fig.  164A.) 

Most  high-pres^e^  compressors  have 
motor-driven,  liquid-cooled,  four-stage, 
sin^acting  units  with  vertical,  cylinders. 
Example  of  the  cylinder  arrangements  for 
high-pressure  air  compressors  installed  iii  Navy 
ships  are  illustrated  in  part  B  of  figure  16-4. 
SmaU  capacity  hi^pi^^we  air  systems  may 
have  three-stage  compressors.  Large  capacity, 
high-pressure  air  systems  may  be  equipped  with 
"fcMlr-,  five-,  or  six-stage  compressors- 

OPIRATING  CYCLE  OF  RECIPROCATING 
AIR  COMPRESSORS  . 

Reciprocating  air  compressors  are  similar  iQ 
design  and  operation.  The  following  discussion 
relates  to  the  operating  cycle  during  One  stage  of 
compression  in  a  ^gle^itage,  single-acting 
compressor. 

The  cycle  of  operation,  or  compression 
cycle,  within  an  air  compressor  cylinder  (shown 
in  fig.  16-5)  includes  two  strokes  of  the  piston:  a 
suction  stroke  and  a  compression  stroke.  The 
suction  stroke  bc^ns  when  the  piston  moves 
away  from  top  dead  center  (TDC).  The  air  imder 
pressure  in  the  clearance  si^ce  (above  the 
piston)  expands  rapidly  until  the  pressure  falls 
below  the  pressure  on  the  opposite  side  of  the 
inlet  valve.  At  this  point,  the  difference  in 
pressure  causes  the  inlet  valve  to  open,  and  air  is 
admitted  to  the  cylinder.  Air  continues  to  flow 
into  the  cylinder  until  the  piston  reaches  bottom 
dead  center  (BDO. 

5         '^^4^)   ■  ' 
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The  compression  stroke  starts  as  the  piston 
moves  away  from  BDC  and  continues  until  the 
piston  reaches  TDC  again.  When  the  pressure  in 
the  cylinder  equals  the  pressure  on  the  opposite 
side  of  the  air  inlet  valve,  the  inlet  Valve  closes. 
Air  continues  to  be  compressed  as  the  piston 
moves  toward  TDC,  until  the  pressure  in  tl^ 
cylinder  becomes  great  enough  to  force  the 
discharge  valve  open  against  the  discharge  line 
pressure  and  the  pressure  of  the  valve  springs. 
(The  discharge.  vaKe  opens  shortly  before  the 
piston  reaches  TDC.)  During  the  remainder  of 
the  compression  stroke,  the  air  which  has  been 
compressed  in  the  cylinder  is  discharged  at 
almost  constant  pressure  thfough  the  open 
discharge  valve. 


The  basic  operating  cycle  just  described  is 
completed  twice  per  revolution  of  the 
crankshaft  in  do^uble-acting  compressors,  once 
on  the  doWn  stroke  and  once  on  the  up  stroke. 


COMPONENT  PARTS  OF  REOFROCATING 
AIR  COMPRESSORS 


Reciprocating  air  compressors  consist  of  a 
systftm  of  connecting  rods,  crankshaft,  and 
flywheel,  which  are  used  toj^af^piit  power 
developed  "by  the  drivii^g  unit  to  the  plistons,  as 
well  as  lubrication  systems,  cooling  systems, 
control  systems,  and  unloading  systems. 
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Ftguffi  16-4.-Air'  compr«iior  cyltixkir  nrrangtiTwnti:   A.  Low-  ind  madium-prtssurt  comprtssori,  Hjgh-pr««surt 


Compressing  Element 

A  compfensing  eietnent  of  a  reciprocating 
compressor  consists  of  the  cylinder,  the  piston, 
and  the  air  valves. 

VALVES.  The  valves  are  made  of  special 
steel  and  come  in  a  number  of  different  types. 
The  opening  and  closing  of  the  valves  is  caused 
by  the  difference  between  (1)  the  pressure  of 
the  air  in  the  cylinder  and  (2)  the  pressure  of  the 
external  air  on  the  intake  valve  or  the  pressure 
of  the  discharged  air  on  the  discharge  valve- 
Two  types  of  valves  commonly  used  in 
•  high- pressure  air  compressors  are  shown  in  figure 
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16-6.  The  strip,  or  feather,  type  vah^e  shown  in 
part  A  of  the  figure  is  used  for  the  suction  and 
discharge  ;^alves  of  the  jower  pressure  stages,  i.e., 
1  and  2,  The  valve  shown  in  the  figure  is  a 
suction  vaNe;  the  discharge  vah^e  assembly  (not 
shown)  is  identical  except  that  the  positions  of 
the  valve  seat  and  the  guard  are  reversed.  At  rest, 
the  thin  strips  lie  flat  against  the  seat,  covering 
the  slots  and  sealing  any  pressure  applied  to  the 
guard  side  of  the  valve.  In  either  a  suction  or 
discharge  operation  (depending  on  the  vah^e 
service),  as  soon  as  pressure  on  the  seat  side  of 
the  vaWe  exceeds  the  pressure  on  the  guard  side, 
the  strips  flex  against  the  contoured  recesses  in 
the  guard  and  jx^rmit.  air  to  pass  around  the 
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edges  of  the  strip  ajid  through  tiK  slots  in  the 
guard.  As  soon  as  the  pressure  equalizes  Or 
reverses,  the  strips  unflex  and  return  to  their 
original  position  fiat  against  the  seat. 

The  disk-type  valve  in  part  B  of  figure  16-6 
is'^ised  for  the  suction  and  discharge  vah^es  of 
the  higher  pressure  stages,  i.e.,  3  and  4.  The 
fourth  stage  assembly  is  shown.  These  valves  are 
of  the  spring-loaded,  dished-disk  type.  At  rest, 
the  disk  is  held  against  the  scat  by  the  spring  and 
is  sealed  by  pressure  applied  to  the  keeper  side 
of  the  vahre.  In  either  a  suction  or  discharge 
operation  (depending  on  the  vah^e  service),  as 
soon  as  the  pressure  on  the  seat  side  of  the  vah^e 
exceeds  the  pressure  on  the  keeper  side,  the  disk 
lifts  against  the  stop  in  the  keeper,  compressing 
the  spring,  and  permitting  air  to  pass  through 
the  seat,  around  the  disk  and  through  the 
opcninj^  in  the  sides  of  the  keeper.  As  soon  as 
the  .  pressure  equalizes  or  reverses,  the  spring 
returns  the  disk  to  the  seat. 

CYLINDERS.  -  Various  designs  of  cylinders 
are  used,  dependiiig  primarily  upon  the  number 


of  stages  of  compresaon  required  to  produce  the 
maximum  discharge  pressure.  Several  osmmon 
cylinder  arrangements  for  low-  and 
medium-pressure  air  compressors  are  shown  in 
part  A  of  figure  1 6-4.  Several  arrangement  for 
cylinders  and  pdstons  of  high-pressure 
compressors  are  shown  in  part  B  of  figure  1 
The  stages  are  numbered  1  through  4,  and  a  3- 
and  a  4-stage  arrangement  are  shown.  In  S-  and 
6-stage  compresSOTS,  the  same  basic  stage 
arrangement  is  followed. 

PISTONS.-The  pistons  may  be  of  two 
types,  trunk  pistons  or  differential  pistons; 
TRUNK  PISTONS  i6-7A)   are  driven 

directly  by  the  connecting  rods.  Since  the  upper 
end  of  a»connecting  rod  is  fitted  directly  to  the 
piston  (also  referred  to  as  wrist  or  trunk  pins), 
there  is  a  tendency  for  the  piston  to  develop  a 
side  pressure  against  the  cylinder  walls.  To 
distripute  the  side  pressure  over  a  wide  area  of 
the  cylinder  walls  or  liners,  pistons  with  long 
skirts  are  used.  This  type  of  pistgn  minimizes- 
cylinder  wall  wear. 


ERIC 


B 


pter  16-COMPRESSED  AIR  SYSTEMS 


COMPftESSOR 
CYLINI)€R 


AiRFtOW 


VALVE 
ASSEMBLY 


VALVE 
YOKE 


.VALVE 
COVER 


4TH  STAGE 
DISCHARGE 
AIR  CONNECTION 


KEEPER 
SPRING  

SEAT 


DISCHARGE  VALVE 
ARRANGEMENT 


4TH  STAGE 
SUCTION  AJR 
CONNECTION 


SUCTION  VALVE 
ARRAKIGCMENT 


4TH  STAGE 
DISCHARGE  VALVE 
LOCATION 


4TH  STAGE 
SUCTION  VALVE 
LOCATION 


47.220 


ERIC 


FigMT*  16^~Hi«hi3rMsurt  lir  compriuor  valvM.  (A)  Vilvt  arrai^imnt  for  tower  prusurs  stagM  (suction  shown). 
(B)  Vilve  trrsngtrntnt  for  hH;|h«  prtssuf*  ftigas  {ix>th  Hu^ion  ind  disc^ 
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DIFFERENTIAL  PISTONS  (fig.  16-7B)afe 
modified  trunk  pistons  having  two  or  more 
different  diameters.  These  pistons  are  fitted  into 
•special  cylinders  which  are  arranged  so  that 
more  than  one  stage  of  compression  is  achieved 
by  one  piston.  The  compression  for  one  stage 
takes  place  over  the  piston  crown;  compression 
for  the  other  stagc<s)  takes  place  in  the  annular 
space  between  the  lar^e  and  small  diameters  of 
tl^  piston. 

Lubrication  Syste 

Except  for  the  oil-free'"  nonlubricated 
compressors,  lubrication  of  high-pressure  air 
compressor  cylinders  is  generally  accomplished 
by  means  of  an  adjustable  mechanical  force-feed 
lubricator,  which  k  driven  from,  a  reciprocating 
or  a  rotary  part  |bf  the  compressor.  Oil  is  fed 
fi;om  thf  cylinder(lubricator  by  separate  lines  to 
each  cylinder.  A  check  vaNe  is  installed  at  the 


end  of  each  feecf  line  to  keep  the  compressed  air 
from  forcing  the  oil  back  into  the  lubricator. 
Each  feed  line  is  equipped  with  a  sight-glass  oil 
flow  indicator.  Lubrication  begins  autpmatically 
^  the  compressor  starts  up.  The  amount  of  oil 
that  must  be  fed  to  the  cylinder  depends  on  the 
cylinder  diameter,  the  cylinder  wall 
temperature,  and  the  viscosity  of  the  oil.  Figure 
16-8  shows  the  lubrication  connections  for  the 
cylinders.  The  type  and  grade  of  oil  used  in 
compressors  is  specified  in  the  equipment 
technical  manual  and  is  vital  to. the  operation 
and  reliability  of  the  compressor. 

The  running  gear  ,  is  lubricated  by  an  oil 
pu/np,  which  is  attached  to  the  compressor  and 
is  driven  from  the  compressor  shaft.  This  pump 
(usually  of  the  gear  type)  draws- oil  from  the 
reservoir  (oil  sump)  shown  in  figure  16-S,  in  the 
compressor  base  and  delivers  it,  through  a  filter, 
to  ah  oil  cooler  (if  installed).  From  the  codler, 
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the  oil  is  distributed  to  the  top  of  each  main 
bearing,  to  spray  nozzles  for  reduction  gears, 
aifd  '  to  outboard  bearings.  The  crankshaft  is 
drilled  so  that  oil  fed  to  |he  main  bearings  is 
picked  up  at  the  main  bearing  journals  and 
j^^rried  to  the  crank  ^umals-  The  connecting 
^?bds  contain  passages  which  conduct  lubricating 
oil  from  the  crank  bearings  up  to  the 'wrist  pin 
bushings..  As  oil  leaks  out  from  the.  various 


bearings,  it  dri^  back  into  the  oil  sump  (in  the 
base  of  the  compressor)  and  is  recirculated  Oil 
from  the  outboard  bearings  is  carried  back  to 
the  sump  by  the  drain  lines. 

Low-pressure  air  compressor  lubrication  is 
shown  in  figure  16-9.  This  system  is  similar  to 
the  running  gear  lubrication  system  for  the 
high-pressure  air  compressor. 
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Nonlubrica  ted  reciprocating  compressors 
have  lubricated  running  gear  (^laft  and  bearings) 
but  no,  lubrication  for  the  pistons  and  valves. 
This  design  produces  oil  free  air. 

Cooling  Systems 

Most  high-pressure  and  medium-pressure 
compressors  are  cooled  by  the  ship's  auxiliary 
freshwater  or  by  seawater  supplied  from  the 
ship's  fire ,  main  or  machinery  cooling  water 

scrvici^  mains.  The  cooling  water  is  generally  "Thus/oil  temperature  can  be  controlled  without 

supplied  to  each  unft  from  either  of  two  sources.  harmful  effects  to  other  parts  of  the  compre^r. 

Compressors    located  'outside    the    larg^  CooEng.  of  the  air  in  the  intcrcoolei^  and 

machinery  spaces  may  be  equipped  with  an^  afteijcoolers  is  very  important,  as  vrell  as  cabling 

attached  circulating  water  pump  as  a  standby  the  dylinder  jackets  and  heads.  The  amount  of 

source  of  cooling  water.  Small  low-pressure  cooling  water  required  depends  on  the  cjipadty 

compressors  used  to  supply  ship's  service  air  and  in  cubic  feet  per  minute  (cfm)  and  pressure, 

dicscl  engine  starting  air  and  some  small  capacity  '    High-pressure  air  compressors  require  more 


high-pressure  air  compressors  are  ai^cooled  by  a 
fan  driven  by  the  compressors. 

the  path  of  water  in  the  cooling  water 
system  of  a  typical  four-stage  compressor  is 
iHustfatcd  in  figure  16-10.  Not  all  cooling  water 
systems  iia^  identical  path-of-water  flow,  but  in 
sy^ems  equipped  with  oil  coolers  it  is  important 
that  the '  coldest  water  be  available  for 
drcmation  through  the  cooler.  Valves  are 
usually  provided  to  control  the  water  to  the 
cooley  independently  of  the  rest  of  the  system. 
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cooling  \vater  (for  the  same  cfm)  than  the 
low-pressure  units.  ^ 

When  seawater  is  usejLstf^t^e  cooUn&  a^nt, 
all  parts  of  the  circu^^Ung  system  ^(nust  be  of 
corrosion-resistant  materials.  The  cyHnderk  ^md 
heads  are  therefore  composed  of  a  bWlfee  ^dy  ; 
with  water  jackets  cast  integral  .^th  ^he 
cylinders.  Each  cylinder  is  generally  fitted  with  ,s 
Unpr  of  special  cast  iron  or  steel  to  withstand  thi; 
wear  of  the  piston.  Wherever  pradticable; 
^cylinder  jackets  are  Otted  with  handholes  and 
covers  so  that  the  water  spaces  can  be  insp€NJ;l^ed 
and  cleaned.  Jumpers  are  usually  used  M0Kke 
water  connections  between  the  cyjdnOTWand 
heads  because  they  prevent  possible  leakage  into 
the  compression  spaces.  In  some  compressors^ 
however,  the  water  passes  directly  through  the' 
joint  between  the  cylinder  and  the  head.  With 
this  latter  type,  the  joint  MUST  be  properly 
gasketed  to  prevent  leakage  which,  if  allowed  to 
continue,  will  damage  the  compressor. 


e     I  NT\ 


The  INrERCOOLERS  and 
AFTERCOOtERS  remove  heat  generated 
during  compression  and  promote  condensation 
of  any  vapor  that  may  be  present.  Figure  16-11 
is  a  diagram  df  a  basic  cooler  and  separator  unit 
showing  the  collected  condensate  in  the 
separator  section.  The  collected  condensate 
flririust  bef  drained  at  regular  intervals  to  prevent 
carryover)  into  the  next  stage.  Accumulation  at 
low  points  play  cause  water  hammer,  freezing 
,  imd  bursting  of  pipes  in  exposed  locations, 
faulty  operation  of  pneumatic  tools,  and 
>  possible  damage  to  electrical  apparatus  when  air 
\  is  used  for  cleaning.  The  removal  of  heat  is  also 
"required  for  economical  compression*  During 
compression  the  temperature  of  the  air 
increases*  thus  causing  the  air  to  expand  to  a 
larger  volume  which,  in  turn,  requires  a 
corresponding  inCTease  of  work  to'^jw^ss  it. 
Multista^g,  therefore,  with  interiUigr  cooling 
of  the  air,  reduces  the  power  tfijuirement  for  a 
given  capacity. 
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compressor.*  The  intercoolers  and  the 
aftercoolers  (on  the  output  of  the  final  stage) 
are  of  the  same  general  construction  except  that 
the  'aftercooler  is  designed  to  withstand  a  higher 
wQfking  pressure  than  the  intercoolers. 

Water-cooled  intefppolers  may  be  of  the 
straight'  tube  and  shell  type  (fig.  16-11)  or,  if 
size  dictates,  of  the  coil  type^  In  coolers  with  an 


The  interstage  cooking  reduces  the  maximum 
temperature  in ''each  cylinder  and  thereby 
reduces  the  amo^t  oL  heat  which  must  be 
remove  by  tjig  water  jacket  at  the  cylinder. 
Also,  the  resulting  lows' Jjjmiperature  in  the" 
cylinder  ensures  better  iu^rijpation  of  the  piston 
and  the  valves.  FigMre  'fi- 1 2  illustrates  -  the 
pressures  and  temperatures  tnrougli  a  four-stage 


1ST  STAGE  2ND  STAGE  STAGE  4TH  STAGE 

90° TO    INTER  C00tER>    INTER  COOLER  INTER  COOLER   AFTER  COOLER 


aopsiG 


325*F  95' 
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390*P  Il5»f 
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TT 
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3000  PSIG 
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Fiflurt  16-12.-PrMiurH  M>d  ttmp«raturti  rasulting  from  miiWit»flHifl  ind  Iimr«ti0  codlne. 
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arge  pressure  below  250  psi>  the  air  may 


w '  either  through  the  tubes  or  over  and 
und,  them*  In  coolers  with  an  air  discharge 
pres^re  above  250  psi,  the,  air  genc^^y  flows 
through  the  tubes.  In  tubular  coolers,  baffles 
deflect  the  air  or  water  in  its  course  through  the 
iX^ler.  In  coil-type  coolers  the  air  passes 
through  the  coil  and  the  water  flows  around  the 
coilsT 

^  Air-cooled  intercoolers  and  aftercoolers  may 
be  of  the  radiator  type  or  may  consist  of  a  bank 
of  finned  copper  tubes  located  in  the  path  o& 
cooling  air  $uppiied  by  the  compressor  cooling 
fan, 

'Each  intercooler  and  aftercooler  is  genefaUy 
fitted  with  relief  valves  on-^oth  the  air  and  . 
water  sides.  Water  relief  valves  are  usually  set  5 
psi  abovi  the  maximum  working  pres^re  that 
may  be  applied  to  the  system.  The  air  relief 
valves  must  be  set  in  accordance  witli  directions 
given  in-  the  Planned  Maintenance  System, 
manufactujnir's  technical  manual,  oi'  in  the  Naval- 
Ships'  TeMnical Manual  Chapter  551  (9590). 

As  seen  earlier,  intercodlers  and  aftercoolers 
are^  normally  fitteS  with  moisture  separators  on 
the  discharge  side  to  remove  the  condensed 
modsture  and  oil  .from  the  air  stream.  The 
separators  are  of  a  variety  of  designs.  Liquid  is 
removed  by  centrifugal  force,  impact,  or  sudden 
changes  velocity  and/or  direction  of  flow  of 
the  air  stream.  Drains  on  each  separator  remove 
l^e  water  and  oil.  4  . 

Oil  coolers  are  of  the  jpoi(^  type,  tube  and 
shell  type,  or  of  a  variety  of  commercial  types. 
Althou^  external  oil  coolers  are  generally  used, 
some  compressors  are  fitted  with  a  base  type  oil 
cooler  in  which  cooling  water  is  circulated 
throu^gtrasMil  placed  in  the  oil  sump.  As  with 
the  intercootfci*  and  aftercoolers,  the  materials 
of  the  tubes,  coils,  or  cores  of  these  coolers,  are 
made  of  copper-nickel  alloy  with  sliell  and  tube 
sheets  of  bronze  composition.  On  all  late  model 
compressors  the  circulating  water  system  is 
arranged  so  that  the  quantity  of  cooling  water 
passing  tlu^ough  the  oil  cooler  can  be  regulated 
without  disturbing  the  quantity  of  water  passing 
through  the  cylinder  jackets,  interyolers,  or 
aftercoolers.  Thermometers  JL^  other 
teinperature  measuring,  devices  are  fltfeS^o  the 
ctfculating  water  inlet  and  outlet  connections,  to 
the  intake  and  ^^^^8®       ^^ch  stage  of 


compr^on,  tq  the  final  air  dischai^ge^  and  to 
the  oil  simip. 


Control  Systems 


Tlie  control  s>^stem  of  a  reciprocating  air 
compressor  may  include  one  or  more  devices  for 
s  t  a  r  t'-stop  control,  constant-speed  control, 
speed-pressure  governing,  and  automatic 
h^-temperature  shut-down  devices. 

Control  or  regulating^  systems  for  air 
compressors  in  use  by  the  Navy  are  largely  of 
the  .  start-stop  tynjr'lir^wtSclPthe  compressor 
starts  and  stops  Automatically  as  the  receiver 
pressure  falls  or\nses  within  predetermined 
setpoints.  On  electrically  driven  compressors  the 
system  is  very  simple— the  receiver  pressure, 
operates  against  a  pressure  switch  that  opens 
when  the  Rressure  upon  it  riches  a  giveh  limit 
and  closes  when  the  pressure  drops  a 
predetermined  amount!  Centrifugal  compressors 
do  not  have  automatic  start-stop  controls  mainly 
because  of  their  high>hoKepbwer.  An  automatic 
load/unload  control  system  is  used. 

On  electrically  driven  units  required  to  start 
at  either  of  two  pressures,  as  in  some^  of  the 
medium-pressure  systems,  one  of  two  pressure 
switches  are  selected  with  a  three-way  valv?  or 
cock  that  admits  pressure^  from  the  air 
accumulator  to  the  selected  pressure  switch, 
Another  method  is  to  direct  the  air  from  the 
receiver  through  a  three-way  valve  to  either  of 
two  control  v^vfis  set  for  the  respective  range  of 
pressures.  A  line  is  r\m  from  each  control  valve 
to  a  single  Epressure  which  may  be  set  at  any 
convenient  pressure  since  the  setting  of  the 
control  valve  selected  will  determine  the 
operation  of  the  switch. 

The  CONSTANT-SPEED  COI^TROL 
'regulates  the  pressure  in  ,  the  air  receiver  by 
controlling  the  output  of  the  compressor 
witliout  stopping  or  changing  the  speed  of  the 
unit.  Thi?  control  prevents  frequent  starting  and 
stopping  of  compressors  when  there  is  a  fairly 
constant  but  low  demand  for  air.  Control  is 
provided  by  directing  air  to  unloading  devices 
tlirough  a  control  valve  set  4o  o'pefate  at  a 
predetermined  pressure. 

AUTOMATIC  HIGH-TEMPERATURE 
SHUTDOWN  DEVICES  are  fitted  on  all^ecent 
designs  of  high-pressure  air  compressprs.  Th 
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the  cooling  water  temperature  rises  above  a  safe 
limit,  the  compressor  will  stop  and  will  not 
restart  a\itoniatic^y.  Some  compressors  are 

;  ^  fitted  with  a  device  that  will  shut  down  the 
compressor  if  the  temperature  of  the  air  leaving 

%   any  stage  exceeds  a  preset  value,  y 

* 

Unloading  Systems 

Air  compressor  unloading  systems  are 
installed  for  the  removal  of  all  but  the  friction 
loads  on  the  compressoss;  that  is,  they 
automatically  remove  the  ,  compression  load 
from  the  compressor  while  the  unit  is  starting 
and  automatically  apply  the  load  after  the  unit 

•  is  up  to  operating  speed.  Per  unit^  having 
sfert-stop  control,  tht  unloading  systtfih  is 

■separate  from  tlie  control  system.  For 
compresisors  ^quipped  mt^  constant-speed 
control,  the  unloading  and  control  systems  are 
integral  parts  of  each  other. 

We  cannot  giw  a  detailed  explanation  for 
,    every  type  of  unloading  device  used  to  unload 
air  compressor  cylinders,  but  you  should  know 
something  about  several  of  the  unloading 
methods  which  you  will  ^rpbabfy  encounter. 
.     These  -  include    closihg    or    throttling  the 
comijressor  intake,  holding  intake'  valves  off 
-their   sweats,    relieving    in  tef  coolers    to  the 
atmosphere,  relieving  tl^e  final  discharge  to  the 
atmc»phere  (or  opening'  a  bypass  from  the 
discharge  to  the  intake),  opening  up  cylinder 
^  clearance"  pockdts,    using  miscellaneous 
constant-speed  unloading  devices,  and  various 
combinations  of  these  methods. 

* 

.As  an  example; of  a  typical"  compressor' 
.    unyiading  device,  consider  ^6  MAGNETIC 
TYPE  UNLOADE  R.  ^Figure  1-6-1 3  illustrates  the 
A  unloade^-vy^alve   arrkngemeht.  This  iinloader 
.^consis^iM^a  solenoid-operated  valve,  connected 

•  wibi  tlwCPiotor  starter.  When  the  compre^br  is 
at  rest,  'the  solenoid  valve  is  deeiiergized, 
.admitting  air  from  the  receiver  to  the  unloading 
mechanism.  When  the  compressor  reaches 
near-normal  speed,  the  solenoicf'  ^valve  is 
cnergiii^d,  releasing  the  pressure  from,  the 
unloading  mechanism'  and"  "  loading  the 
compressor  ag^h. 

For  detailed  information  on  the  various 
unloading    devices,  .refer   to   the  pertinent 


lanUs 


for 


manufacturers*  technical  man\ials 
compressors  installed  in  your  ship. 

ROl^Y-CENTRIFUGAL 
AIR  COMPRESSORS 


A  nonreciprocating  type  df  air  compressor, 
that  ^ay  be  found  aboard ,  ship  is  variously 
referred  to  as  a  rotary  compressor,  a  centrifugal 
compressbf,  or  a  "liquid  piston"' compressor. 
Actually,  the  unit  is  some^iing  of  a  mixture, 
operating  partly  on  rotary  principies  and  partly 
on  centrifugal  principles;  most  accurately, 
perhaps,  it  might  be  called  a  rotary-centrifi^al . 
compressor.  •  * 

The  rotaly-centrifugal  compressor  is  used  to 
supply  low-pressure  compressed  air.  Because  this 
compressor  is  capable  of -supply  a^r  that  is 
completely  fxee  of  oil,  it  often  used  as  the 
compressor  for  pneumatic  control  systems  and 
for  other  applications  where  oil-free  air  is 
required. 

'The  rotary-centrifugal  compressor,  shown  in 
figure  16-14,  consists  of  a  round,  multibladed 
rotor  which  revolves  freely  in  an  elliptical  casing. 
The  elliptical  casing  is  partially  filled  with 
high-purity  water.  The  curved  rotor  blades 
project  radially  from  the  hub.  The  blades, ' 
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Figurt  l&IS.-Magmtic  type  unloadcr. 
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.  OiSCHARGE 
6      ,  PORT 


DISCHARGE 
PORT 


Figurt  16-14.-Rotiry^^trifugirfcomprMior, 


^  together  with  the  side  shrouds,  form  a  series  of 
pockets  or  buckets  around  the  periphery.  The 
rotor,  which  is  keyed  to  the  shaft  of  an  electric 
motor,  revolves  at  a  speed  high  enough  to  throw 
^  the  liquid  out  from  the  center  by  centrifugal 
force,  resulting  in  a  solid  ring  of  liquid  revolving 
in  the  casing  at  the  same  speed  as  the  rotor  but 

,  following  the  elliptical  shape  of  the  casing.  This 
action  alternately  forces  the  liquid  to.  enter  and 

'  recede  from  the  buckets  in  the  rotor  at  higK 
velocity. 

To  follow  through  a  complete  cycle  of 
Qperation,  look  at  figure  16*14  and  let  us  start  at 
Pfimt  A  (located  at  right  center).  The  chamber 
(T)  is  full  of  liquid.  The  liquid,  because  of 
centrifugal  force,  follows  the  casing,  withdraws 
from  the  rotor,  and  pulls  air  in  through  the  inlet 
port.  At  (2)  the  liquid  has  been  thrown 
outward  from  the  chamber  in  the  rotor  and  has 
been  replaced  with  atmospheric  air.  As  the 


rotation  continues,  the  converging  wall  (§)  ojf 
the  casing  forces  the  liquid  back  into  the  rotor 
chamber,  compressing  the  trapped  air  and 
forcing  it  out  through  the.  discharge  port.  The 
rotor  chamber  (4)  is  now  full  of  liquid  and 
ready  to  'repeat  the  cycle  which  .takes  place 
twice  in  each  revolution.  f 

A  small  amount  of  water  mustjfye  constantly 
supplied  to  the  compressor  to  make  up  for  that 
which  is  carried  over  with  the  compressed  air. 
The  water  which  is  -carried  over  with  the 
compressed  air  is  removed  in  a  refrigeration-type 
dehydrator. 

COMPRESSED  AIR  RECEIVERS 

An  air  receiver  is  installed  in  each  space  that 
houses  air  compressors  (except  centrifugal  and 
rotary  lobe  types).  The  receiver  is  an  air  storaip 
tank-  If  demand  is  greater  than  the  compressor 
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capacity,  some  of  the  stored  air  is  supplied  to 
the  system.  If  demand  is  less  than',  the 
compressor  capacity,  the  excess  is  stored  in  the 
receiver  or  accumulator  until  the  pressure  is 
raised  to  its  maximum  setting,  at  which  time  the 
compressor  unloads  or  stops.  Thus,  in  a 
compressed  air  system,  tjie  receiver  ftinctions  to 
minimize  pressute  variations  in  the  system  and 
to  supply  air  during  peak  demand.  This  wiU 
minimize  start-stop  cycling  of  air  compressors. 
Air  receivers  may  be  horizontal  or  vertical. 

\  Vertically  mounted  rec^jS^&rs^  iiave  convex 
bottoms  to  permit  proper  draining  of 
accumulated  moisture,  oil,  ami  foreign  matter. 
All  receivers  have  such  fittings  as  inlet  and  outlet 
connections;  'drain  connections  and.  valves; 
connections  for  operating  a  line  to  compressor 
regulators,  pressure  gages,  reliefs  valves  <set  at 
approxin)ately  i  2%  above  normal  working 
pressure  of  the  receiver);  and  handhole  or 

'  manholfe  plates  (depending  on  tlie  size  of  the 
receiver)-.  The  discharge  line  between  the 
compressors  aiid  the  receiver  is  as  short  and 
straight  as  possible  to^eliminate  vibration  due  to 
pulsations  of  air  and  to  reduce  pressure  losses 
due  to  friction. 


In  high-pressure  air  systems,  air  receivers  are 
called  AIR  FLASKS,  Air  Oasks  are  usually 
cylindrical  in  sha^,  having  belled  ends  and 
female- threaded  necks.  The  flasks  are  a|so 
constructed  in  shapes  to  conform  to  the  hull 
.curvature  for  installation  between  hull  frames. 

One  or  more  air  flasks  connected  together 
constitute  an  air  BANK. 


COMPRESSED  AIR 
SUPPLY  SYSTEMS 

The  remainder  of  a  compressed  air  system  is 
the  piping  and  valves  which  distribute  the 
compressed  air  to  the  points  of  use. 

HIGH-PgESSURE  AIR 

Figure  16-15A  is  an  illustration  of  the  first 
part  of  a  high-pressure  air  system  aboard  a' 
surface  ship.  The  3000/150  psi  reducing  station 
ts*used  for  emergencies  or  abnormal  situations  to 
pVovide  air  to  the  low-pressure  air  system, 


LOW-PRESSURE  AIR 

Low-pressure^  air  (sometmies  referred  to  as 

LP  ship*s  servic^ji  air)  is  the  most  widely  used  air 

system  aboard  the  ship.  Figure  1^-158  is  an 

illustration  of  the  first  part  of  a  low-pressure  air , 

system.  Many  of  the  low-pressure  air  systems  are 

divided  into  subsystems,  vital  and  nonvital  air. 

< 

Vital  air  is  used  primarily  for  engineering 
purpo^s  such  as  automatic  boiler  controls, 
water  level  controls,  and  air  pilot-operated 
control  valves.  Vital  air  is  also  supplied  to 
electronics  systems.  Vital  air  systems  are  split 
.between  all  main  machinery  groups  with 
cross-connect  capability.* 

Nonvital  air  is  provided  for  many  different 
purposes,  sy9h  as  laundry  equipment,  tank-level 
indicating  systems,  and  airhose  connections.  Air 
for  a'nonvital  air  system  is  supplied  through  a 
^  PRIORITY  VALVE,  which  will  shut 
automatically  to  secure  air  to  nonvital 
components  when  the  pressure  in  the  air  system 
drops  to  a  specified  setpoint  and  to  reopen  to 
restore  nonvital  air  when  pressure  in  the  system 
returns  to  normal.  This  System  gives  the  vital  air 
first  priority  on  all  the  air  in  the  low -pressure 
system.  -  '  ^ 

PRAIRIE-MASKER 
AIR  SYSTEMS 

A  special  purpose  air  system  installed  in 
many  surface  ships  is  the  prairie-masker  ^r 
system.  This  system  supplies  **disguise"  air  to  a 
system  of  emitter  rings  or  belts  surrounding  the 
hull  and  to  the  propeller  blades  through  the 
propulsion  shafts. 

The  emitter  rings  contain  small  holes  which 
release  the  masker  air  into  the  sea,  coating  the 
hull  with  air  bubbles- 

The  ^  prairie  air  passing  through  the 
propulsion  shafts  is  emitted  to  sea  by  small  holes 
in  the  propeller  blades. 

The  air  supply  for  the  prairie-ma&kej  system 
is  p  rovided  by  a  turbocompressof .  Tlie 
'turbocompressor  is  composed  of  the  following 
five  iti^or  parts  contained  in  one  compact  unit: 
turbine-driven  compressor lube  water  tanks,  air 
inlet  silencer,  lube  water  system  and  control 
system. 
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The  turbinje-driveo  compressor  consists  of  a 
single-stage  centiifugal  compressor  driven  by  a 
single-stage  impulse  turbine.  The  compressor 
impeller  and  the  turbine  "Wheel  are  mounted  at 
opposite  ends  of  the  same  sJiaft.  Two 
water-lubricated  bearings  support  the  rotor 
assemWy.  The  compre^or  runs  at  speeds 
api^roaching  40,000  rpm.  A  control  system  for 
the  unit  provides  constant  steam  admission, 
overspeed'  trip,  overspeed  alarm,  low  lube 
pressure  trip  and  alarm,  and  a  high  lube  water 
temperature  alarm. 

MOISTURE  REMOVAL 

The  removal  of  nioisture  from  compressed 
air  is  in  an  important  part  of  compressed  air 
"systems.  If  air  at  atmospheric  pressure,  with 
'  even  a  very  low^relative  humidity,  is  compressed 
to  3.0Q0  psi  or  4,500  psi,  it  becomes  saturated 
with  wkter  vapor.  Some  moisture  is  removed  by 
the  inter  coolers  and  aftercoolers  as  seen  earlier 
in  the  chapter.  Also,  air  flasks,  receivers  and 
banks  are  provided  with  low  point,  drains  to 
periodically  drain  any  <?ollected  moisture. 
However,  many  sliipboard  uses  of  air  require  air 
witli  an  even  smaller  moisture  content  than  is 
obtained  through  tiiese  methods.  In  addition, 
moisture  in  air  lines  can  create  other  problems 
which  are  potentially  h'azardous,  such  as  the 
freezing  mp  of  valves  and  controls.  Tliis  can 
occur,  for  example,  if  very  high-pressure  air  is 
throttled  to  a  very  low  pressure  at  a  high  flow 
rate.  Tiie  venturi  effect  of  the  tlu-ottled  air 
produces  very  low  temperatures  which  will  cause 
any  moisture  in  the  air  to  freeze  into  ice,  making 
the  valve  (especially  an  automatic  valve)  either 
very  difficult  or  impossible  to  operate.  Also, 
droplets  of  water  in  an  air  system  witli  a  higli 
pressure  and  higii-flow  rate  can  cause  serious 
water  hammer  witliin  the  system.  For  these 
reasons,  air  dryers  or  dehydrators  are  used  to 
dry  the  compressed  air.  Two  basic  types  of  air 
dehydrators  are  in  use:  the  desiecant  type  and 
the  refrigerated  type. 

Desiccant  Type  Dehydrators 

A  desiccant  is  a  drying  agent.  More 
practically,  a  desiccant  is  a  substance  with  a  high 
capacity  to  remove  (absorb)  water  or  moisture 


and  also  a  high  capacity  to  give  off  that  moistiire 
so  tliat  the  desiccant  can  be  reused. 

In  compressed  air  system  dehydrators,  a  pair 
of  dessicant  towers  (flask*  full  of  desiccant)  are 
used.  One  is  on  service  dehydrating  tlie 
compressed  ' air  w^Ie  the  other  is  being 
'^reactivated.*'  A  desiccant  tower  is  normally 
reactivated  by  passing  dry,  heated  air  through 
the  tower  being  reactivated  in  the  direction 
opposite  to  normal  dehydration  airflow.  The  hot 
air  evaporates  Jhe  collected  moisture  and  carries 
it  out  of  the  tower  to  the  atmosphere.  The  purge^^ 
air  is  heated  by  electrical  heaters.  Once  the 
tower  that  is  reactivating  has  completed  the 
reactivation  cycle,  it  is  placed  on  service  to 
.  dehydrate  air  and  the  other  tower  is  reactivated. 

Another  type  of  desiccant  dehydrator  in  use 
is  the  Heat-Les  Dryer.  These  units  require  no 
electrical  heaters  or  external  source  of  purge  air 
to  operate.  Figure  16-I6A  ^ows  the  compressed 
air  entering  at  the  bottom  of  the  left  tower, 
passing  upward  through  the  desiccant  where  it  is 
dried  to  a  very  low  moisture  content.  Ttie  dry 
air  passes  through  the  check  valve  to  the  dry  air 
outlet.  Simultaneously,  a  small  petcentage  of  the 
dry  air  is  passed  through  the  orifice  between  the*^ 
towers  and  flows  down  througli  the  right  tower, 
reactivating  tlie  desiccant  and  passing  out 
through  the  purge  exhaust.  At  the  end  of  the 
cycle,  the  towers  are  automatically  reversed,  as 
shown  in  part  B  of  figure  16-16. 

Refrigerated  Type  Dehydrators 

Another  method  of. removing  moisture  from 
compressed-  air  is  through  the  use  of 
refrigeration.  If  we  pass  the  compressed  air  over 
a  set  of  refrigerated  cooling  coils,  oil  and 
moisture  vapors  will  condense  from  the  air  and 
can  be  collected  and  removed  via  a  low  point 
drain. 

Some  installations  may  use  a  combination  of 
a  refrigerated  dehydrator  and  desiccant 
dehydrators  to  purify  the  compressed  air. 

COMPRESSED  AIR  PLANT 
OPERATION  AND  MAINTENANCE 

The  operation  of  any  air  compressor  or  air 
system  mus^  be  done  in  strict  compliance  with 
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approved  operating  procedures.  Compressed  air 
is  potentially  very  dangerc^  OeanUness  is  of 
utmost  importance  in  ail  maintenance  that 
requires  Opening  compressed  air  systems* 

Figure  1(S-17  is  a  M^tenance  Index  Page 
(MIP)  for  one  design  and  make  of  high-pressure 
air  compressor.  This  wiU  give  you  an  idea  of  the 
{banned  maintenance  Required  on  an  air 
compressor. 


SAFETY  PRECAUTIONS 

There  arc  many  hazards  associated  with 
pressurized  air,  particularly  high-pressure 
Serious  explosions  -  have  occurred  in 
high-pressure  air  systems  because  of  diesel 
effect.  If  a  portion  of  an  unpressurized  system 
or  component  is  suddenly  and  rapidly 
ji<|ircssurized  with  high-pressure  air,  a  large^ 
amount  of  heat  is  produced.  If  the  heat  is 
"^excessive,  the  air  may  reach  the  ignition 
temperature  of  the  impurities  present  in  the  air 
and  piping  (oil,  dust»  etc).  When  the  ignition 


temperature  is  reached,  a  violent  explosion  will 
occur  as  Xhcs^  impurities  ignite.  In  addition, 
ignition  temperatures  may  re^lt  from  rapid 
piessurization  of  a  low-pressure  dead  end 
portion  of  the  piping  system,  malfunctioning  of, 
compressor  aftercoolers,  leakS^  or  dirty  valves, 
and  many  other  causes-  Every  precaution  must 
be  taken  to  have  only  'clean,  dry  air  at  the 
compressor  ialet 

Air  compressor  accidents  have  also  been 
caused  by  improper  maintenance  procedures 
such  as  disconnecting  parts  while  they  are  under 
pressure,  replacing  parts  with  units  designed  for 
lower  pressures,  and  installing  stop  valves  or 
check  valves  in  improper  locations.  Improper 
operating  procedures  have  also  caused  air 
compre^r  accidents  with  resulting  serious 
ii\jury  to  personnel  and  damage  to  equipment. 

To  minimize  the  hazards  inherent  in  the 
process  of  compression  and  in  the  use  of 
compressed  air,  all  safety  precauti^^  outlined  in; 
the  manufacturers'  technical  mmiuals  and  irt 
Naval  Ships'  Technical  Manual,  Chapter  5^1 
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High  Pressure  Air  Compressor 
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1,  Sample  and  inspect  lube  oil.  .• 

2.  Turn  compressor  several  revolutions  by  fwrnd;  if 
power  is  available?,  turn  by  power. 

L  Inspect  crankcase  oil  level 
NOTE:  Accomplish  weekly  or  every  24  hours  of  com- 
pressor  operation^  whichever  occurs  first, 

1.  tlean  air  Intake  filter. 

1.  Clean  and -inspect  lubricator  reservoir. 


L  Inspect  foundation  fasteners  for  condition  and 
tightness. 

L  Test  relief  valves.  * 

1.  Renew  compressor  oil/  ■ 

2.  Clean  crankcase  vent. 

NOTE:  Accomplish  after  every  200  hours  of  com- 
pressor operation,  ^  , 

;     ■  ^  ■ 

1.  Clean  and  Inspect  third  and  fourth  stage  valve 
assemblies. 

NOTE:  Accomplish  after  every  1000  hours  of  com- 
•pressor  operation. 

1.  Clean  and  inspect  first  and  second  .stage  valve 
assefnb! les.  , 

NOTE:  Accompli sh  after  every  1000  hours  of  operation, 

K  Inspect  internal  pa^rts.  ^ 
NOTF:  Accomplish  after  every  2000  hours  of 'com- 
pressor operation. 


L  Clean  and  Inspect  automatic  drain  valve. 
NOTE:  Accomplish  after  ev6ry  2000  hours  of  com- 
pressor operation. 

I..  Clean  and  inspect  cylinder  lubricator  check 
valves. 

NOTE:  Accomplish  aftei?-  every  2000  hours  of  com- 
pressor operation. 

I.  Clean  and  inspect  final  discharge  check  valve, 
NOTE:  Accomplish  after  every  1000  hours  of  com- 
pressor operation. 
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1.  Clean  and  inspect  oil  filter. 
NOTE:  Accomplish  after  ever^^  2000  hours  of 
compressor  operation. 

1.  Clean  and  inspect  condensate  accwnulator. 
NOT€:  AccoGiplish  after  every  1000  hours  of  com- 
pressor operation. 

1.  Inspect  cooling  water  shutoff  valve,  ^ 
NOTE:  Accomplish  after  every  2000  hours  of  com- 
pressor operation. 
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must  be  strictly  observed.  Some  of  these 
ds  and  precautions  are: 


1 .  Explosions  may  be  caused  by  dust  laden 
air  or  by  oil  vapor  in  the  compressor  or  receiver. 
The  explosions  are  triggered  by  abnormally  high 
temperatures,  which  may  be  caused  by  leaky  or 
dirty  valves,  excessive  pressurizatipn  rates,  and 
faulty  cooling  systems.  ' 

2.  NEVER  use  distillate  ftiel  oil  or  gasoline 
as  a  degreascr  to  clean  compressor  intake  filters, 
cylinders,  or  air  passages.  Thesfe-oik-vaporize 
easily  and  will  form  a  Ijighly  explosive  mixture 
with  the  air  under  compression. 

3.  Secure  a  compressor  immediately  if  you 
observe  that  the  temperature  of  the  air 
discharged  from  any  stage  rises  unduly  or 
exceeds  the  maximum  temperature 
recommended- 

4.  NEVER  leave  the  compressor  station 
after  starting  the  compressor  unless  you  are  sure 
that  the  control,  unloading,  and  governing 
ctevices  are  operating  properly, 

5.  To  prevCTJt  damage  due  to  overheating, 
compressors  must  NOT  run  at  excessive  speeds. 
Proper  cooling  water  circulation  must  be 
maintained. 

6.  If  the  compressor  is  to  remain  idle  for 
any  length  of  time  and  is  in  an  exposed  position 
in  freezing  weather,  the  compressor  circulating 
water  system  should  be  thoroughly  drained. 


7.  Before  working  on  a  compressor,  be  sure 
that  the  cc  mpressor  is  secured  and  caimot  start 
automatically  or  accidentally.  The  compressor 
should  be  blown  down  completely,  then,  all 
valves  (including  control  or  unloading  vaNes) 
between  the  compressor  and  the  receiver  should 
be  secured.  Appropriate  tag-out  procedures  for 
the  compressor  control  and  the  isolation  valves 
must  be  followed.  Leave  fht  pressure  gages  open 
at  all  times, 

8.  When  cutting  air  into  the  wlystle,  ^iren, 
or  a  piece  of  machinery,  be  sure  the  supply  line 
to  the  equipment  has  been  properly  drained  of 
moisture.  When  securing  the  supply  of  air  to  the 
affected  equipment,  be  sure  all  drains  are  left 
open. 

9.  Prior  to  disconnecting  any  part  of  an  air 
system,  be  sure  that  the  part  is  not  under 
pressure.  Pressure  gage  cutout  valves  should 
always  be  left  open  to  the  sections  to  which 
they  are  attached. 

10.  Avoid  rapid  operation  of  manual  valves. 
Hie  heat  of  compression  caused  by  sudden  flow 
of  high  pressure  into  an  empty  -line  or  vessel  can 
cause  an  explosion  if  oil  or  other  impurities  are 
present.  Valves  should  be  slowly  cracked  open 
until  flow  is  noted  and  should  be  kept  in  this 
position  until  pressures  on  both  sides  have 
equalized.  The  rate  of  pressure  rise  should  be 
kept  under  200  psi  per  second. 
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CHAPTER  17 


DISTILLING  PLANTS 


A  naval  ship  must  be  self-sitiBdent  ia 
produd^  freshwater.  Freshwater  demands 
include  water  for  boiler/steam  geno^tor  feed, 
drinking,  cooking,  bathing,  washing,  and 
deaning.  Space  limitations  permit  only  enough 
storage  .tanks  for  a  couple  of  days'  supply.  The 
ship,  therefore,  depends  on  distilling  plants  to 
produce  large  quantities  of  freshwater  of  high 
purity  from  seawater: 


PRINCIPLES  OF 
DISTILLATION 

The  prindple  by  which  these  machines 
(distilling  plants)  produce  ;  freshwater  from 
seawater  is  quite  simple.  Even  though  there  are 
several  different  types  of  distilling  plants,  each 
of  whidi  may  appear  very  complicated  at  first 
sii^it,  they  aH  work  on  the  same  prindpks. 
When  water  is  boiled,  it  gives  off  steam  vapor, 
which  is  relatively  &ee  of  salt  and  minerals.  The 
distillation  process  consist  of  heating  seawater 
to  the  boiling  point  and  a>ndensing  the  v^or 
(steam)  into  freshwater,  leaving  behind  the 
impurities  of  the  seawater.  The  distillation 
process  for  a  shipboard  plant  is  illustrated  very 
sim|dy  in  figure  17-1.  Notice  that  the  seawater 
aft^r  boiling  is  identified  as  brine. 


;ariJ| 

^1^ 


'  Seawater  is  a  solution  of  water  and 
minerals  and  salts.  In  addition  to  th^  dissol 
solids,  seawater  contains  suspended  matter  such 
as  vegetable  and  animal  growths  and  bacteria 
and  other  microorganisms.  When  properly 
operated,  naval  distilling  plasms,  are -capable  of 
produdng  freshwater  that  cony^s  only  slight 
traces  of  qhemical  salts  andr  no ,  biotogical 
cantaminants\ 


Distilling  plants  are  not  eff<^tive,  however, 
in  removing  volatile  gases  or  liquids  which  have  a 
lower  boiling  point  than  water.  These  dissolved 
gases  and  liquids  will  simply  boil  into  the  vapor 
and  be  combined  with  the  freshwater  CdistiUate). 
In  addition,  d^tilling  plants  are  not  effective  in 
killing  ALL  mi(^ooigania!(is.  Naval  distilling 
plants  operate  at  \pw  pressures  and, 
consequently,  the  iJoiEng  temperatures  are  also 
low;  t^  distillate,  then,  is  not  sterilized  by  the 
boiling  process.  For  thjcse  reasons,  very  definite 
restrictions%jare  placed  on  the  operation  of 
distilling  plants  in  contaminated  waters. 


At  th^s  point,  we  need  to  mention  the 
problem  of  diitjjling  plant  "carryover." 
Practically  all  cases  of  high  salinity  (salt  content) 
in  the  distillate  (freshwatet)  output  of  a 
distilling  unit  wiU  be  caused  either  by  internal 
seawater  leak^e  (from  a  tube  or  basket,  etc)  or 
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Figurt  17-1.--SimpiifM  dl«gram  qf  ihipbocrd  dMtiOition 
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by  carryover.  Carryover  actually  consists  of- 
droplets  of  seawatcr  which  are  not  filtered  out 
of  the  vapor  produced  in  a  distilling  plant  before 
the  vapor  is  condensed  into  distillate.  All  types 
of  distilfihg  plants  have  some  type  of  device  to 
prevent  carryover,  usually  called  moisture 
separators  or  vapor,  separators.  If  the  plant  is 
operated  improperly,  such  as  attempt!  to 
increase  the  output  of  the  plant  beyond  ited 
capacity;  the  moisture  or  vapor  separators ^ill 
'  not  function  properly  and  some  seaw^ater  will 
pass  through  them.  This  will  show  up  as  high 
salinity  in  the  drstiUate., 

Salinity,  which  is  due  to  chemical  salts  in 
seawatcr,  is  undesirable.  Chemical  salts  in  boiler 
feedwater  will  cause  Qorrosion  of  the  tub^s  of 
boilers  and  steam  generators.  In  addition,  the 
normal  operating  temperature  of  a  naval 
/distilling  plantXpiay  not  be  'high  enough  to 
completely  sterilize  the  distillate.  Therefore,  any 
carryover  (or  leakage)  of  seawater  is  a  potential 
HEALTH  HAZARD  because  of  the  many  types 
of  microorganisms  (primarily  cohform  bacllria) 
which  may  be  present.  For  these  reasons 
restrictions  .are  placed\,on  the  operation  of 
distilling  plants  aboard  ships  in  either 
contaminated  water  or  freshwater.  Freshwater 
carryover  may  not  have  sufficient  salinity  to 
cause  either  the  operator  or  ^he  ,  sahnity 
indicating  system  to  detect  it.  Restrictions  fo;. 
.  operation  under  these  Conditions' are  found  in 
chapter  531  (9580)  of  the  A^ovo/  Ships' 
Technic^i  Manual. 

There  are  two  reasons  that  naval  distilling 
plants  are  designed  to  operate  at  low  pressures 
and  low  boiling  temperatures.  One  reason  is  that 
low  temperatures  help  to  prevent  the  formation 
of  harmful  scale.  Scale  is  formed  when  certain 
sea  salts  crystallize  out  of  solution  at  high 
temperatures.  The  other  reason  i%  that  a  low 
pressure  plant  is  more  efficient  because  less  heat 
is  required  to  raise  the  temperature  of  the 
feedwater  (seawater)  to  make  it  boij/therefore, 
-  less  heat  is  wasted  by  the  plant. 


COMMON  TERMS  .  . 

Before  getting  into  the  discussion  of  the 
process  of  distillation,  you  should  familiarize 


yourself  with  the  terms  defined  in  the  following 
-paragraphs.  These  terms  apply  basically  to  all 
types  of  distilling  plants  now  in  naval  service. 

DISTILLATION:  The  process  of  boiling 
seawater  and  then  cooling  and  condensing  the 
resulting  vapor  -to  produce  freshwater. 

I  EVAPORATION:  The  process /^>f  boiling 
seawater  to  separate  it  into  freshwater  vapor  and 
brine.  Note  that  evaporation  is  ^he  first  half  of 
the  process  of  distillation. 

CONDENSATION:  The  proj:ess  of  cooling 
the  freshwater  vapor  produced  by  evaporation 
:to    produce    usable    freshwatejr.    Note  that 
condensation  is  the  second  half  of  the  process  of 
distillation.  \ 

\ 

FEED:  The  seawater,  which  is  the  raw 
material  of  the  distilling  unii;  also  called 
SEAWATER  FEED  or  EVAPORATOR  FEED. 
Be  careful  "how  you  use  these  tirms.  Do  not 
confuse  the  "feed"  (water)  for  the  distilling 
units  with  the  "feed"  (water)  for  the  boilers. 
Feed  for  the  distilling  units  is  nothing  but  raw 
seawater.  Feed  for  the  boilers  or  steam 
generators  is  distilled  water  of  very  high  purity. 

VAPOR:  The  product  of  the  evaporation  of 

lawater  feed. 

DISTILLATE:  The  product  resulting  from 
the  condensation  of  the  steam  (vapor)  produced 
by  the  evaporation  of  seawater.  Distillate  may 
also  be  referred  to  by  different  names  such  as 
FRESHWATER,  FRESHWATER  DISTILLATE, 
or  CONDENSATE.  Try  to  avoid  using  the  term 
CONDENSATE  to  prevent  confusion  between 
the  condensate  of  the  distilling  plant  and  the 
condensate  in  the  main  and  auxiliary 
condensers.  DISTILLATE  is  the  preferred  term  . 
when  you  refer  to  the  product  of  a  distilling 
plant.  . 

BRINE:  As  seawater  feed  is  evaporated  in 
the  distilling  plant,  "the  concentration  of 
chemical  salts  in  the  remaining  seawater  fs&i 
becomes  greater.  Any  water  in  which  the 
concentration  of  •ehefnical  salts  is  higher  than  it 
is  in  seawater  is  called  brine. 

SALINITY:  The  concentration  of  chemical 
.^ts  in  water  is  called  sahnity  and  is  measured 
by  e1©cti;ical  devices,  called  salinity  cells,  in  units 
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of  either  epm  (cqjuivalents  per  million)  (k  ppm 
(parts  per  million). 

EFFECT:  In  a  ^S^stilUng  plaiit,  an  effect  is 
that  part  of  a  unit  wliere  a  distillation  process 
ocoirs/  For  example,  the  first  place  where 
boiling  (or  evaporation)  of  feed  into  vapor 
-^occurs  is  in  the  first  effc^ct.  Most  ciistilling  plants 
are  multiple  effect  types  (two^  three,  four,  or 
five  effects).  This  means  that  the- feed  is  boiled 
more  than  once  within  the  plant.  An  effect  may 
also  be  referred  to  as  a  STAGE, 

SATURATED  STEAM:  The  properties  of 
saturated  steani  are  defined  in  Table  17-1 
according  to  pressure  and  temjperature. 

SUPERHEATED  STEAM:  Vapor  which  is 
not  adjacent  or  next  to  its  liquid  source  and  has^ 
been  heated  to  a  temperature  above  its 
saturation  temperature. 

DEGREE  OF  SUPERHEAT:  The 
temperature  difference  of  a  superheated  vapor 
between  its  saturation  temperature  and  its 
existing  temperature. 

Let's  take  an  example  whei^  the  steam 
pressure  past  an  orifice  is  16  in.  Hg  and  auxiliary 
exhaust  steam 'temperature  is  240® F  (116^0)- 
Table  17-1  gives  the  phaperties  of  saturated 
steam.  Look  in  the  column  labeled  "Vacuum 
Inches  of  Hg  Gage'*  and  find  16.69  and  15.67. 
By  interpolation  (estimation),  '^we  Tmd  the 
saturation  temperature  (at  the  right)  to  be 
176°F  (80*C).  However,  the  auxUiary  exhaust 
steam  is  ajlproximately  240*F  (116'^C).  In  this 
•  case,  then,  there  is  about  64''F  •(36''C)  of 
superheat  in  the  incoming  steam  (240^F  -  176^F 
*64^FX 


TVPES  OF 
DISTILLING  PLANTS 

Distilling  plants  installed  in  naval  ships  are  of 
three  general  typ^s:  (1)  vapor  compression,  (2) 
low-pressure  steam,  and  (3)  heat  recovery.  The 
raajof  differences  between  the  three  types  are 
the  kinds  of  energy  used  to  operate  the  units 
and  the  pressure  under  which  distillation  takes 
place-.  Vapor  compression  units  use  electrical 
energy    (for    heaters    and   a  compressor); 


low-pressure  steam  distilling  units  use 
low-pressure  st^am  from  either  the  auxiliary 
exhaust  steam  systems  or  the  auxiliary  steam 
system.  Heat  recovery  distilling  units  use  diesel 
engine  jacket  water  as  the  heat  source  instead  of 
steam.  In  addition,  vapor  compression  units  boil 
^the  feedwater  at  a  pressure  siightly  above 
'atmc^pheric  pressure  while  the  low-pressure 
steam  and  heat  recovery  units  depend  on  a 
relatively  hi^  vacuum  for  operation. 

The  vapor  compression  type  distilling  uhit  is 
used  in  submarines  ^d  small  diesel-4yven 
surface  craft  where  thAdaily  requjremepts  do 
not  exceed  4,000  ^^ikms  per  day  (gpd).  The 
vapor  compression  type  on  surface  ^raftas  being 
replaced  with  the  heat  recovery  distilling  units 
and  for  this  reason  vapor  cx)mg£»s&ion  distilling 
units  will  not  be  covered  in  this  manual.  Chapter 
531  (9580-11)  of  NAVSHIPS'  Technical  Manual 
contains  infon^ation  on-these  plants. 

The  low-pressure  steam  distilling  unit  is  used 
in  all  steam-driven  sifrface  ships  and  nuclear 
submarines.  Enginemen  usually  share 
re^onsibiiity  with  Machinist's  Ma^es  for  the 
maintenance  and  operation  of  the  low-pressure 
steam  distilling  plants. 

Low-pressure  steam  distilling  units  are  "low 
pressure^rom  two  points  oi^view:  First,  they 
use  low-pressure  steam  as  the  source  of  energy; 
and  second,  their  operating  shell  pressure  is  less 
than  atmospheric  pressure. 

There  are  three  m^or  types  of  low^ressure 
steam  di;j|tiUing  units:  (1)  submerged  tiibe,  (2) 
flashtypeT^^(3)  vertical  basket,  i 

SUBMERGED  TUBE 
DISTILLING  PLANTS 

The  Navy  uses  three  classifications,  or 
arrangernents  of  submerged  tube  distilling 
plants:  (1)  two-shell  double-effect,  (2) 
Soloshell  double-effect,  and  (3)  triple-effect. 
The  principal  difference  between  the 
double-effect  type  and  the  triple-effect  type  is 
the  number  of  stages  of  evaporation. 

In. a  submerged  tube  distilling  mant  feed 
floods  into  the  bottom  of  the  /  unit  and 
surrounds  the  tubes  which  contaiA  circulating 
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Absolute  Pressnf^ 

Lb,  per  Inches 
Sq.In.  ofHg 


Vacuum  Inches 
of  Hg  Gage 


Temperature  _ 


0.20 
0.25- 
0.30 
0.35 

o.4o 

0.45 


0.50 
0.60 
0.70 
0.80 
0.90 


I.O 
1.2 
1.4 
1.6 
1.8 


2,0 
2,2 
2,4 
2,6 
2,8 


3.0 
3.5 
4.0 
4.5 

5.0 


5.5 
6.0 
6.5 
7.0 
7,5 


8,0 
8.5 
9.0 
9.5 
10,0 


11,0 
12.0 
13,0 
14,0 


0.41 
0.51 
0.61 
0,71 
0.81 
0.92 


1.02 
1.22 
1.43 
1.63 
1.83 


2,04 
2.44 
2.85 
3.26 
3,66 


4.07 
4.48 
4.89 
5.29 

5.70 


6.11 
7.13 
8.14 
9.16 
10.18 


11.20 
12.22 
13.23 
14.25 
15.27 


16.29 
1.7.31 
18.32 
19.34 
20.36 


22.40 
24.43 
26.47 
28.50 


29.51 
29.41 
29.31 
29.21 
29.11 
29.00 


11.74 
15.17 
18.04 
20.52 
22.70 
24.66 


28.90 
28.70 
28.49 
28.29 
28.09' 


27.88 
27.48 
27.06 
26.66 
26.26 


25.85 
25.44 
25.03 
24.63 
24.22 


23.81 
22.79 
21.78 
20.76 
19.74 


18.72 
17.70 
16.69 
15.67 
14.65 


13.63 
12.61 
1^60 
'"1^58 
9,56 


7.52 
5.49 
3.45 
1,42 


26.43 
29.56 
32.27 
34.66 
'  36.80 


38.74 
42.18 
45.14 
47,77 
50.13 


52.27 
54.23 
56.05 
57.74 
59.33 


60.82 
64.21 
67.21 
69.91 
72.36 


74.61 
76.70 
78.64 
80.47 
80.52 


83.81 
85.36 
86.82 
88.22 
89.57 


92.08 
94.42 
96.60 
98.64 


53.14 
59.30 
64.47 
68.93 
72.86 
76.38 


79.58 
85.21 
90.08 
?4.38 
98.24 


101,74 
107,92 
113.26 
117.99 
122.23 


126.08 
129.62 
132.89 
135.94 
138.79 


141.48 
147.57 
152.97 
,157.83 
162.24 


166.30 
170.06 
173.56 
176.85 
176,94 


182.86 
185.64 
188.28 
190.80 
193.21 


197.75 
201.96 
205,88 
209.56 
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/lo^^pressure  steam.  The  steam  in  the  tubes 
causes  the  surrounding  feed  to  boil  and  produce 
steam  (v^or).  'the  vapor  passes  up  into  the 
moisture   scp«i^tors    where  .^my  entrained 
'seawafer  droplets  are  removed.  The  clean  vapor 
then  passes  on  and  is  condensed  into,  distillate. 
^     Submerged  tube-type  distilling  plants  are  found 
on  older  ships.  To  explain  the  principle  of 
distillation  in  a  submerged  tube  plant,  we  shall 
•  use  tte  Solqshell  double-effect  plant  as  an 
example. 

'  '  As  the  name  implies,  the  Soloshell 
double-effect  plant  (fig.  1 1-2)  is  a  double-effect 
distilling  unit  oontaihed  in  a  single  $hell.  A 
division  plate  separates  the  two  effects.  Each 
effect  has  a  set  or  "nest*'  of  steam  tubes  in  the 
.  bottom  of  its  shell^and  a  vapor  separator  unit  in 
the  upper  part  of  its  sheU. 

Follow  along  in  figure  17-3  (foldout  #1  at 
end  of  chapter)  as  we  trace  the  feed  through 


several  circuits  on  its  way  to  becoming  distillate. 
You  may  have  to  go  through  this  material  afew 
times  before  you  get  the  "big  pictjii'e,**  bufstick 
with  it.  .  1^ 

Steam  Circuit 

.  Find  exhaust  steam  at  midleft  of  figure  1 7-3 
and  trace  it  to. the  tubes  of  the  first-effect  via  a 
reducing  valve.  This  steam  may  ix  from  eidier 
the  auxiliary  exhaust  steam  or  the  auxiliary 
steam. system,  accprding  to  plant  alignment.  The 
reducing  valve  controls  steam  pressure  into  the 
tube  at  approximately  5  psi.  The  steam  must 
also  pass  through  an  orifice  plate  whidi  controls 
the  quantity  "of  steam  admitted  to  the  tubes. 
The  output  capacity  of  the.  plant  can  be  altered 
by  changing  the  size^  of  the  orifice  plate.  By 
passing  through  the  orifice  plate,  the  steai^ 
pressiu^  is  decreased  to  a  vacuum.  This  is  caused 
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Figure  17-2.— Intcfnai  ocNtttruction  of  •  Sokjihtll  doub4t^«ct  distilling  plant. 
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by  the  throttling  (expanding)  action  of  the 

\  orifice.  Since  the  temperature  of -the  steam  is 
stiU  at^s^juration  temperature  for  existing 
auxiliar^^^aust  pressure,  tke  steam  |s  13b w 

«  &uperhtsijjj|§^  Therefore,  th&  steam  is 
desuperhwitea  in  the  inlet  by  a  spray  of 
water  <  from  the  tube  i^est/j^rain  pump.  The 
tSesuperheated  steam  then  pa^  on  through  the 
first-effect,  ,tubes.\The  steam  Hn  the  tubes  is 

.  indicated  on  the  figure  by  the  black  dashed  Hne. 

'  the  "first-effect  tubes       be  seeri  in  det^iil  in 

•  figure  l  7^2.  The  area  surroundi^  the  ^team 
tubes* is  flooded  with  feed-Cseawater)  indicated 

^*by  tpe  'White  areai  in  figure  1 7.-^.  The  steam  gives 
up  jts  heat  to. the  feed  and  then^afjdens§s  m  the 
tubes.  The.,  condensate  that  fbijiis  in  the  tubes  is. 
continuously  J.  being,  removed  by  the  tube  nest 
drain  pujt|>.  Aportion of  this.condensate-i&used 
to  ^^ap^4jp  incoiping  siearri  V  described- 
earlier.fafia  The  test  is  sent  to  the  fresihwater 
drain  collecting'  tank  or  the-«4iigin^or  auxiliary 
condenser. 'a.  drain  regulator^ntrols  the 

_  discharge  of  the  pump  to  maintain  a  water  seal 
in'the  first-effect  tubes.  Th^  prevents, the  steaiti 
from,  "bldwing  through'"  the  tubes  \Nithout 
conde^gang.    As   the  surrounding   feedwater . 

^bsorbs.  latent  h'eat  from  the  steam,  the  steam 

'condenses  and  the  water Ijoils. 

Vapor  Circuit  ^ 

Some  of  the  feed 'surrounding,  the  tubes  in 
tJie  first  effect  will  boil  into  vapor.  The  vapbr^ 
indicated  by  'the  light  green  area  in  the 
first-effecf  sh^lf,  passes  up  in^o  the  first-effect 
vapor  separator' via  baffles.  Located  jiear  the- 
surface  of  the  fetd water,  these  baffles  trap  some  • 
of  the  entrained  moisture  from  the  \ap or  near 
the  feedwater  surface.  The.  vapor  ^separator 

'removes  the.  rest.  The  vapor  separator  contains  a 
series  of  baffies  or  vanes  which  cal^se  the  yapqr 

^to  change  its  diction  of  flaw  often  and  rapidly. 
Centrifugal  fbri^tipau^d  by  the  steam  changing 
directions)  fo^^pioisture.  droplets  out  of  .the 

Vvapor  and.ont^iffc  sides  of  the  separator  where  1' 
the  mpisture  collects  and  drains  baok  down  into 
tl^i«€3^^jijU^       tfie  Tirsi  effect.     '  -    ^  - 

'Rie'Sran  ihoisture-free  vapor  passes-into  the 
vapor  feed  heate^.  Jhe  vapor,  feed  Jieater  and 
^vapot  separator  can  also  be  jseen  in  figure  1^7-2. 


In  this  section,  incoming  feedwater  (fiow 
thrpugh  tubes),  is  preheated  by  the  first-effei! 

•  v'apor  (surrounding  the  tubes)..  Some  of  the 
vapor  will  condense  in  this  process. 

The  vapoh  leaves  the  vapor  feed  heater 
through  the  line  labeled  2ND  'EFFECT 
EVAPORATOR  STEAM 'and  passes  into  the 
tube  nest  of  the  second  effect.  As  you  can  see, 
vapor  from  the  first  effect  is  used  as  heating 
steam  for  the  second  effect.  The  shell  pressure 
of  the    second    effect    is   a   vacuum  of 

•  approximately  26  in.  Hg.  Itiis  lower  pressure 
allows  the  use  of  the  first-effect  vapor  to  heat 
and  boil  the  feedwater  in  the  second  effect, 
According  to  table  17-1,  at  a  pressure  of  26  ^. 
Hg,  the  boiling  point  of  water  is  approximately 
12S''F  (52  C).  Asj  [it  passes  through  the 
second-effect  tube  nest,  the  vapor  from  the  first 
effect  is  condensed  into  distillate. 

'  •    '   ■     .  ■  ■    ~  ■  ■'     "  -  ' 

Vapor  produced  in  ,the  shell  of  the  secont 
effect  passes  through  -baffles  inta^^^^ 
second-effect  vapor  separator  and  oir^mo  the 
distiUing,  condenser.  In  the  distillifig^ndenser, 
the  second^ffect  Vapor  condenses  int»  distillate 
as  latent  heat  in  the  "vapor -is  remdvtoi  by 
circulating  seawater  and  evaporator  feed.  (This, 
also  preheats  the'  feed.)  Distillate  from  the 
distilling  condenser  leaves  via  the  red  fine  labeled 
.  DISTILLATE  FROM  DISTILLER  and  is  piped 
■  into,  the-  flash  chamber.  Distillate  in  the 
second-effect  tubes  (^hich^  was  first-effect 
vapor)  is  also  piped,  via^  cjniin  regulator,  into 
the. flash  chamter.  The  drain  regulatpr  maintains 
a  water  seal  between  the  ^econd-effect  tube  nest 
and  the  shell.  The  flash  chambe?  has  a  Une 
(green)  labeled  FLASH  VAPOR  TO  DISTILLER 
which  passes'  any  flash  vapors  that  may  form 
froni  -th*^  hot,  diitillate  back  to  the  distilling' 
condenser!  *  The  vapors  are  ^,vented  to  the 
condenser  and  and  recooled  into  distillate. 

DistiUate  Circuit  i    '  . 

i 

Distillate  that, collects  in  the  flash  chamber  is 
pumped'  by  the  distillatpi  pump  through  a^ 
distiNate  cooler  (red  line)  and  to  the  test  tank. 
'From  the  test  tank,' the  distillate  is'directed  by  a 
valve  manifold  '{not  shown)  to  either  the  potable 
water  system  or  reserve  fetfSwiiter  tanks  b\  the 
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freshwater  pump.  It  the  water  in  the  test  tanks  is 
contaminated  with  chloride,  it  can  be  §ent  to  tht 
bilge.  .  *      .  . 


Seawater  and  Feed  CScuits 


:? 


Locate  the  sea  cHest  (blue)  at  the  lower  right 
«  of  the  figure.  Seawater  is  brought  m  by  the 
distilling  condenser  drcuiating  water  pump  from 
•  the  sea,  chest  and  strainer.  The  water  is  pumped 
through"  the  distillate  cooler  into  the  distilling 
condenser ,  (blue-  line)  anS  overboard  through  a 
.  'Spring-loaded  backpressure  regulating  valve.  A 
backpressure  regulating  valve  provides  4^5  psi 
backpressure  on  the  circulating  water.  This  valve 
'sets  the  pressure  head  .rteq^red  for  the 
evaporator  feed  (blue-stripfed  line)  "which  is 
tapped  off- the  circulating  water  line  as  it  leaves 
the  distilling'  condensef.  The  evaporator  feed 
passes  through  the  feed  heater  section  of  the 
distilling  condenser,  through  the  tubesx)f  the  air 
ejector  cor^denser,  the  vapor  feed  heater,  and 
into*  the  fefet.tom  of  the  shell  of  the  fu-st  effect. 
Leaving  the  first  effect,  feed  passes  through  a 
loop  seal  and  manual  regulating  valveyi,into  the 
bottom  of  the  second^ffect  shell.  The  direction 
of  flow'from  the  first  effect  to  the  second  effect 
is  due  to  the  pressure  difference  between  the 
two  effects.  (1st  effedt  -  16  in.  H^,  2nd  effect  - 
26in.  Hg).  ,  *^ 

'   Brine  Circuit  ^ 

Bvint  is  removed  (orange  line)  frofn  the 
evaporator  by  the  brine  overboard  pump.  The 
pump  takes  suction  from  the  bottom  of  the" 
second-effect  shell  and  discharges  the  brine 
overboard.  Gland  s6alingjv^ater  for  the  brine 
pump  is  provided  by  ^'e  circulating  water 
system!  '      .  >      '  ' 


Air  Ejec^r  Circuit 


A  t^vo-stage  air  ejector  unit  (black-striped 
line)  is  located  at  the  top  of  the  plant.  The  air 
ejectors  remove  air  and  nonconden&able  gasfis 
such  as  carbon  dioxide  (CO2)  f^m-  the 
evaporator  ^hich  heJps  to  maintain  the  high 
vacuum,  in  the  shell  pf  the  second  effect.  The 
vacuum  in  the  first-effect  shell  is  established  and 


mainta.ini^  by  the  cfindeiisatibn  of  stelm  in  the 
vapor  fc;ed  heater.  Steam  discharged  from  the  air  : 
ejector  is  condsnsed  by  the^evapara^tor  feed-  The 
resulting  condensate  is  returned  (yelipw  line)  to ' 
the  ship'^  feed  system  through  the  freisihwater 
drain  collecting  system.         /       *  , 

Salinity  Monitpdngai^dlndicat^ 

Electric^  salinity  cd[I?  are'  ^itovided  in  ^he 
evaporator  system  to  e!edri6afiy  monitorr^the 
purity  of  the  water  at  various  jpoin^.  S^^ 
cells  are  strategically  located  ft:  (l).di$diarge  of 
the  tube  nest  drain  pump;  (2)  air  c^ctor  drains; 
(3)  distillate  out  of  the  distilling  conde^nser;  (4) 
*  second-effect  steam  drains;  and  (5)  the  distillate 
pump  discharge.  The  salinity  cells  are  valved  kito' 
the  pipelines  at  these  points  to  be  in.  contact 
•with  th^  flow  of  water.     ,         •  , 

This  distillation  process  is  similar^  for  all 
.submerged  tube  plants,  whether  they  are 
two-shell  double-effect  or  triple-effect/ Figure 
1 7-4  is  an  ill^tration  of  a  triple-effect 
submeiiged'  tube  distilling  plant..  As  a  rule,, 
submerged"-  tube  distilling  plants  af e  very  large 
compared  "to  other  plant  types  of  the  same 
capacity  and  they  have  problems  with  scale 
formation  on  the  steam  tubes-  For  these  reason^, 
primarily,  the  submerged  tube  plants  are  being 
phase^txut  for  naval  use. 

OPERATION  OF  A  SUBMERGED 
TUBE  Df STILIiING  PLANT 

Careful  startftig,  operating,' and  securing  of 
distilling  plants  will,  tOr  a  jyeat  extent,  ensure 
trouble-free  operation.  Operating  procedures, 
tests,  inspections,  and  "maintejiance  are  discussed 
in  the  sections  which  follow. 

Starting  a  Manually^  Controlled  Plant 

.  To  start  a  low-pressure,  submer^d  tube 
distilling  pla;it  when  tlie  evaporators  are  empty 
and  all  pumps  are  secured,  proceed  as  follows: 

L  Open  all  valves  ^atid  air  vents  in  the 
circulating  water"  drcuit  from  the  sea  suction  to 
the  overboard  -discharge,  and  start  the  distilling 
.condenser  circulating  water  pump. 
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2.  Adjust  the  spring-loaded,  back-pressure 
valve  in  the- circulating  water  ov^board  line  to 
maintain  a  pressure  of  5  psig  on  the  fe^  pump 
suction. 

3. .Open  all  valves  in  the  evapoi^tor  feed 
system  artd  the  brine  overboard  line,  except  the 
brine  overboard  pump  discharge  valve  and  the 
air  ejector  condenser  emergency  circulating 
water  overboard  valve. 

4.  Start  the  evaporator  feed  pump. 

5.  When  a  water  level  of  1 0  to  1 3  inches 
appears  in  the  second-effect  shell,  start  the  brine 
overboard  pump,  and  cfack  open  the  discharge 
valve  on  this  pump.  The  brine  overboard  valve  at 
the  ship's  side  and  the  valve  in  the  suction  td 
this  pump  diould  always  be  wide  op(en  during 
operation. 

'6.  Open  the  valve  in  the  emergfcncy 
circulating  wate^  line  from  the  air  ejector  ' 
c^denser.  Open  the  second-effect  tube-nest 
vent  valves  wide ;  the  first-effect  tube-mest;  vent 
valve  remains  dosed.  Open  the  air*  ejector 
suction  valve,  then  open  the  steam  supply  to  the 
air  ejector;  be  sure  that  the  full  pressure  required 
is. available  at  the  nozzle  anrf  that  the ^team 
supply  line  is  drained. 

7.  When  th^  second-effect  evaporator  sbeU 
indicates  about  1 6  inches  of  vacuum^  partially 
open  the  first-effect  steam  valve.  When  distillate 
appears  in  the  first-«ffect  drain  regulator,  drain 
off  some  of  the  distillate  and  test  it  chemically. 
If  the  distillate  is  salty,  discharge  it  to  the  bilge 
.  until  the  salinity  drops  to  0.25  grains  per  gallon 
(^pg).  If  the  distillate  is  acceptable,  start  the 
frrst-effect  tube-nest  drain  pump  and  discharge 
to  the  deaerating  feed  tank. 

6.  When  a  distillate  level  appears  in  the 
second-effect  drain  regulator  gage  glass,  open  the  " 
discharge  valve  at,  the  drain  regulator  and  \yhen 
distillate  appears  in  the  flash  chamber  gage  glass, 
open  the  valve  at  the  distillate -pump  suction. 

9.  Start  the  distillate'  pump  and  open  all 
valves  in  the  discharge  line  from  this  pump  to 
the  test  tank.  When,  Ny^^r  ap^pears  in  the  gage 
glass  of  thev  test  tankivtfraw  pff  some  of  the 
distillate  and  test  it.  If  the  distillate  is  not  of 
I  sufficient  purity,  discharge  to  the  bilges. 

iO.  Open  all  the  required  valves  in  the 
freshwater  system,  except  the  freshwater  prtmp 


discharge.  Start  the  ff»hwater  pump  and 
reguMte  the  discharge  valvelo  maintain  a  desired 
level  in  the  test  tank.  Op«i  the  water\m"eter 
cutout  valves,  and  close  the  bypass  valves  arouiid 
the  water  meter  so  production  can  be  recordetf>- 

1  i.  As  the  output  of  the  plant  is  gradually 
increased,  adjust  the  feed  valves  to  the  desired 
position.  When  sufficient  feed  water  is  flowing 
through  the.  air  ejector  condenser,  close  off  the 
emergency  circulating  water  valve.  Adjust  the 
valves  in  all  vent  lines  to  their  normal  operating 
position.  When  the  first-effect  steam  pressure  - 
and  the  :  second-effect  vacuum  both  have 
attained  thcii^Hdesired  values,  check  the  (knsity 
of  the  brire  overboard  pump  discnai^e. 
Carefully  manipulate  the  brine  overboard 
control  valve  until  the  brine  density  reaches  a 
value  of  1.5  thirty-sedonds. 

12.  If  the  flow  cff  evaporator  f^  through 
the  air  eject(^r  condenser  is  stopped  remporarily, , 
such  as  when  correcting  high  feed  level  in  the 
first-effect  evaporator  Jttkli,  vapor  may  discharge 
into  the  evaporator  rooni  through  the  air  ejector 
condenser  Vent  pipe.  To  remedy  this  qpndition, 
slightly  open  the  valve  in  the  overboard  line 
from  the  feed  outlet  of  the  condenser  to  permit 
water  to  cnculate  through  the  aftercondenser 
and  overboard.  Do  NOT  open  this  valve  more 
than  is  required  to  prevent  an  excessive  ainount 
of  heated  feedwatef  being  discharged  overboard^ 
When,  for  any  reason,  the  salinity  indicator 
indicates  higher  than  0.25  gpg  (0.065  epm), 
immediately  shift  the  distillate  to  the  bilges. 

>       ■•  ♦      .  . 

Securing  a  Manually  Controlfed  Plant 

The  correct  procedure  for  securing  a 
manually  controlled  low-pressur^  distilling  plant 
begins  by  notifying  the  engineer  officer  of  the 
watch  Jhat  the  evappjator  plant  is  jrea(^y  to  be 
securesir  When  permission  to  secure  has  been 
receive^,  proceed  as  follows:   .       •  "* 

^     ■■  .1, 
J,  Secure  exhaust  steam^  to  the  first-effect 
tube  riest  and  the  discharge  from  the  first-effect 
tube-Q^st  drain  pump  to  |he  ship's  condensate 
system.  Open  drain  to  the  bilges*   " 

2.  Secure  the  tube-nest  drain  pufnp. 

3.  Secure  the  distillate  pump,   s  >  . 
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4.  Secure  the  freshwater  pump- 

5.  Secure  the  iqlet  and  discharge  valves  to 
the  freshwater  meter. 

6.  Secure  the  steam  to  the  air  ejector. 

7.  Close  the  first-effect  tube-nest  vent 
valve. 

8.  Allow  the  distilling  condenlPdrculating 
L water  pump,  evaporator  feed  pump,  and  brine 

overboard  pump  to  continue  operating  for  a^ew 
minutes  to  «3oI  the  distilling  plant. 

9..  Secure  the  brine  overboard  pump. 

10.  Secure  all  pumps,  suction  and  discharge, 
making  sure  that  evaporator  tube  bundles  are 
fully  covered  with  water. 

1 1 .  Close  the  ^a  injection  valve  and  the 
brine  overboard  valve  at  the  ship's  side. 

1 2.  Secure  the  inlet  and  outlet  valves  of  the 
second-effect  tube-nest  drain  regulator. 

13.  Secure  the  feed  valvds  for  each 
evaporator. 

Stirtii^  an  Automatically 
Controlled  Rant 

To  start  an  automatically  controlled 
low-pressufc  distilling  plant  -  when  the 
evaporators  are  empty  and  all  pumps  have  been 
secured,  proceed  as-follows: 

l.Opcn  wide  all  valves  in circulating 
N*^,r  circuit 'from  the  sea  slttion  to  the 
ofwboard  discharge.  <       ^  . 

2.  Start  the  circulating  plimp.  Pumps  must 
not  be  run  dry.  Before  starting  any  pump,  make 

,  Qcrtain  that  the  suction,  vent,  and  gland  seal 
valves  (where  provided)  are  open,  and  that  the 
pump  casing  is  .full  of  watgjr.  On  .centrifqgal 
pumps,  it  is  preferable  to  leave  the  discharge 
valve  closed  until  after  the  pump  Has  been 
started: 

3.  Check  to  see  that  the'  ^ring-loaded 
bap k- pressure  valve  is  properly  adjusted  to 
maintain  5  psi  in  the  discharge  line  from  the 
distaiing  condenser.  , 

4.  Open  3{1  air  vent  cocks  on  the  distilling 
Tde^scr.  vapor  feed  heater,  and  air  ejector 

condenser  heads  until  the  air  is  expelled,  then » 
closl^hip  vent  cocks. 


5.  if  evaporator  buiKllps  are  submerged,  be 
sure  that  the  first-effect  feed  valve  is  closed  and 
that  the  overflow  we'^r  pipes  are  set  at  their 
highest  position.  If  the  buiidles  are  not 
submerged,  see  that  the  weirs  ar^t  their  highest 
position,  open  the  feed  valves  until  the  tube 
^sts  are  fully  covered,  and  then  close  the  feed 
*  valv». 

6.  Open  the  valve  in  the  emergency 
circulating  water  line  from  the  air  ejector 
condenser. 

7.  Open  wide  the  second-effect  evaporator 
tube-nest  vent  valve.  The  first-effect  tube-nest 
vent  valve  should  remain  closed. 

'  8.  See  that  the  first-effect  tiibe  nest  ajid  the 
air  ejector  condenser  drains  are  directed  only  to 
the  bilge,  and  not  to  the  ship's  tanks. 

9.  Open  the  air  suction  to  the  ejector,  ppen 
the  stream  supply  to  the  ejector,  making  sure 
that  the  fpll  pressure  required  (stamped  on  the 
nameplate)  is  available  at  the  nozzle,  and  that 
the  steam  supply  is  properly  drained.  - 

10.  Test  the  salinity  of  the  air  e^ct 
condenser  drain.  When  less  than  0.25  gpg  (0,065 
epm),  close  the  bilge  drain  and  open  the  drain  to 
the  tank, 

11,  When  the  second-effect  shell  vacuum  is 
about  16.  inches,  gradualism  open  wide  the 
first-feTfect  t^foe-nest  steam  supply  vijlve.  Adjust 
the  regulating  valve  to  maintain  a  steady 
pressure  of  5'psig.  The  last-effect  shell  vacuum 
should,  f^ntinue  to  increase  to  .26  inches  or' 


more. 


1 2,  When  the  distiUate  dischaiTgtes  from  the 
first-effect  drain  lirte  to  \^tJme,  test  for 
saHnity.  When  satisfactory,  close  the  bilge  drain 
valve,  set  the  drain  valves  to  discharge  the 
distillate  to  the  return  system;  and  open  the 
first-effect  tube-Acst'vent  valve  one  full  turn. 

13,  Whim  distiJIate'  appears  in  the 
second-effect  drainer,,  see  that  the'  drainer 
dischaiTge  valve  is  open^^^and  then- 'adjust  the 
second-effe'ctj^  tube-nest  vent  valve  to  operating 
position  (approximately  one  turn  open),     '  ' 

14,  When -distillate  appears  in  the  -Hash 
chamber,  be  sure  the  distillate  cooler  discharge  is 
directed  to  the  bilge  by^manu^ly  tripping  the 
solenoid-actuated  valve.  Then  start  the  distillate 
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pump.  (The  same  point  applies  i^e  as  was  given 
in  2,  with  reference  ta  starting  a  pump.) 

15.  Perform  the  fpllowing'  steps  in  fairly 
rapid  sequence: 

a.  U3wer  the  overflow  weir  pipes  to 
their  positions.  . 

b.  Start  the  brine  pump  and  open  all 
valves  in  its  discharge  Une. 

Cr  If  a  loop  seal  of  at  least  8  feet  h^ 
been  provided  in  the  feed  line  between  effects, 
open  fside  the  second-effect  feed  valve. 
Otherwise  0{fen  it  partially. 

d.  Close  the  emergency  circulating 
water  overboard  line  from  the  air  ejector 
condenser  and  open  the  first-effect  feed  valve. 

.*     "  V  ^  ' 

16.  When  the  salinity  of  the  distillate  leaving 
the  distillate  cOolcr  is  less  than  0.25  gpg  (0.06 ST 
€5pm),  set  the  solenoid  valve  to  discharge  to  the 
ship^^nks. 

17.  Open  and  adjust  the  fe^d-treatoeift 
injection  valve  or  pump,  if  feed  treatment  is  to 
be  done. 

18.  After  the  plant  has  been  in  operation^ 
abput  half  an  hour,  dheck  the  denaty  of  tHe 
brine.  If  the  density  is  more  than  K5 
thirty-seconds,  open  wider  the  first-effect  fe^ 
valves;  if  less  than  1 .5  thirty-seconds,  close  down* 
on  the  valve.  Repeat  every  half  Hour  until  two 
suiJcessive  readings  of  i/5  thirty-sficbrtds  are 
obtained.  Then  te^t  at  hourly  intervals. 

Securing  an  Automatically 
Controlled  Plant 

The  correct  procedure  for  securing  an 
automatically  controlled  low-pressure  distiilinjg 
plant  begins  by  notifying  the  engineer  officer  of 
the  watc|]i  that  tiie  evaporator  plant  is  ready  to 
be  secured.  iWhen  permission  to  secure  has ibeen 
received,  proceed  as  follows: 

,1.  Shut  off  .-the  steam  /supply  to  the 
first-effect  tube  nest. 

2.  Close , the  first-efFcct  tube-nest  drain  Hne 
to  the  return  system;  and  open  the  drains  to  ti^ 
^bilgc.  .  . 


3.  Close  the  first-effect  tube-nest  vent 

valve.  ■   ^      '  ' 

4.  Close  the  air  suction  and  steam  supply 
valves  to  the  air  ejector.  ^  ^ 

5.  Open  wide  the  second-effect  tube-nest 
ventyalvei 

6.  Secure  fht  distillate  pump. ,  , 

7.  Raise  the  Vcir  pipes,  on  both  effects,  to 
their  highest  positioas  and  continue  operation  of 
the  circulating  waUt  pump  and  brine  overboard 
pump  for  10  mmutes  or  longer  to  cool  off  the 
distilling  plants.    \  ' 

8.  Secure  the  brine  overboani  pump. 

9.  When  both  tube  nests  are  fully  covered 
wSh  water,  secure  the  drculating  pump. 

10.  Secure'  the  suction  and  overboard  sea. 
chests., 

1 1 .  Secure  the  feed  v^ve  to  the  first  effect. 

12.  Closf  the  air  ejector  and  condenser  drain 
lines  to  the  return  system  and  open  the  drains  to 
the  bilge.  , 

13.  Trip  the  solenoid  valve  in  the  distillate  ' 
-lines  to  discharge  to  the  bilge.  I 

WATC^STANDING 

Proper  watchst^dirig  requires  the  operator 
to  constantly  cfieck  pressures,  temperatures, 
.'vacuum,  a^  salinity.  Installing  , automatic 
conto-ols  does  not  relieve!  the  operator  of  tfle 
responsibility  of  attentive  watchstanding.lThc' 
most  important  te^ts  md  inspections  performAl 
by  the  EN3  and  .^N2  standing  distilling  plaiitl 
.  wattes  are  discussed  in  .the  section  which 
follows. 

i  * 

'I  ,  ^  - 

I  ■  ,  «• 

Distillate  Testing  -  ^  " 

The  freshwater  (distillate)  |)rOduced  must- 
me?t  specified  standards  of*chloride  content' and 
*  •  purity.  To  ensufe.  tha^'^hose  Standards  ait  met, 
ti^e  distillate   rhus^  bfe  tested  continuously. 
Chloride    content    and    purity    test^.  ^e 
V    acconiplishe^Sb y  two  methods:  the  electrical 
^salinity  test  and  the  periodic  chemical  tests., 

The  results  of  distillate  tests  are  expressed  in 
terms  of  EQUIVALENTS  PER  MILLION  (epm). 
JHiowever,  befbre  explaining  epm,  it  will  be  easier 
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if  you  understand  a  unit  called  PARTS  PER 
MILLION  (ppm% 

-Parts  per  million  is  a  weight-pc^-weight  unit 
denoting  the  number  of  parts  of  a  specified 
substance  in  4  million  parts  of  water.  For 
example,  58.5  pounds  of  salt  in  1  'million 
pounds  of  water  represents  a  concentration  of, 
58i5  parts  per  million  (ppra).  Note,tdso,  that' 
58.5  ounces  of  salt  dissolved  in  I  million  ounces 
of  water,  or  58.5  tpns  of  salt  dissolved  in  I 
miliion  tons  of  water  represent  th%  same 
concentration -that  is,  58.5  pphi. 

Equivalents  per  miliion-can  also  be  stated. as 
miiliequivalent  per;  liter  (rn^/l)-can  be  defined 
as  the  number  of  Kjuivalent  parts  Of  a  substance., 
per  million  parts  of  water.  .(The  word 
"equivalent"  here  refers  to  the  chemical  weight 
of  a  substance.)  The  chemical  equivalent  weight 
,  is  different  for  each  element  or  compound.  The 
chemical  equivalent  weight  of  sodium  chloride 
(common  table  salt)  is  58.5.  A  solution 
containing  58.5  parts  per  million  of  this  salt  is 
said  to  contain  1  equivalent  per  million.  If  a 
substance  has  a  chemical  equivalent  of  35.5,  a 
solution  of  that  substance  containing  35.5  ppm 
is  described  as  having  a 'concentration' of  1  epm! 

'  E  L  E-C?  T  R  I  C  A  L  SALINITY 
TESTI^.-Electrical  saUnity  cells  (fig.  17-5) 


are  iastalled  '  throughout  the  distilliiig  plant  to 
maintain  a  constant  check  on  the  distilled  water. 
An  felectrical  salinity  indicator  consists  of  a 
number  of  electric  salinity  cells  in  various  points 
in  the  plant-in  the  freshwater  pump  discharge, 
distillate  pump  discharge,  tube-nest  drain,  and 
air  ejector  condenser  •  drain-connected  to  a 
salinity  indicator  panel  on  a  bulkhead  near  the 
plant.    ^  !;  . 

Since  the  electrical  resistance  of  a  solution 
varies  according  to  the  amount  of  ionized  salts 
in  solution,  it  is  possible  to  measure  salinity  by 

.^measuring  the  electrical  resistance.  The  salinity 
indicator  panel  (fig.  17-6)  has  ah  ammeter 
calibrated  td  read  directly'  in  either  epm  or 
grains  per  gallor;  (gpg).  Since  resistance  also 

,  varies  with  temperature,  a  temperature-compen- 
sator must  be  set  at  a  value  corresponding  to  the 
temperature  of  the  solution. 

When  reading  the  dial  of  an  electrical  salinity 
indicator,  be  sure  that  you  know  what  you  are 
reading.  Some  salinity  indicators  are  still 
calibrated  in  grains  sea  salt  per  gallop.  This 
unit  is  no  longer  used  -for  reporting  water 
analyses,  so  any  reading  taken  in  gpg  must  be 
converted  ito  epm.  Multiply  ^he  gpg  (meter 
reading)  Iby  0.261  to  get  the  epm.  For  example, 
a  meter  reading  of  0.75  grains  of  sea  salt  per 
gallon  is  equal  to  0.75  X  0.261,  or  0.196  epm. 
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•  To  ct^cck  an  electrical  salinity  indicator  for 
operation,  proce«i  as  follows; 

.  i.  -Turn  on  the  power  to  the  indicator.  f 
2.' "Set   the   teinpcrature-compensator  at 


no°F. 

3.  *Dcpress  the  test  button  and  hold  it  down 
until  you  have  4akcn  the  reading. 

4.  Read  the  indicator.  The  reading  should 
be  approximately  1  grain.  If  the^  salinity 
indicator  does  not  give  a  reading^f  1  grain,  the 

,  inst^umait  1$  not  correctly  calilMated  and*should 
be  diccjad  by  an  IC  Electrician!^^  . 

CHEMICAL    SALmHY^  TESTING.-A 
■<  chemical  salinitj  testing j^roccdure  must  also  be 
followe4  for  evary  ,50  gallons  of  distillate 
^nlpcd  into  the  measu/ing' and  testing  tanks  of 


the  plant.  This  ta>st  is  applied  to  samples  of 
water  drawn  out  through  the  test  cocks  of  the 
tanks. 'Specific  instructions  for  making  the  tests 
are  generally  posted  on  or  near  the  water  testing 
equipment  cabinet  provided  in  each  evaporator 
space.  Detailed  instructions  may  also  be, found 
in  chapter  220-18.25  of  the  Naval  Ships' 
Technical  Manual  The*  general  procedure  is  as 

Fill  the  1 00-ml  graduated  cylinder  with  a 
distillate  sample  ffojn  the  test  tank  and  pour  it 
into  a  clean,  dry  casscfplfc.  A4d  5  drops  of 
chloride  indicator-  to  the  sample,  (The  water 
should  turn  blue-violet  or  red,  depending  upon 
-its  alkalinity.)  ^ 

♦ 

.'Using  the  nifnc  acid  burette,  add*  reagent 
nitric   ici^^  one  drop   at  a  time,  stirring 
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cxjntinuously,  until  the  violet  or  red  color  just 
disappears.  (The  water  will  probably  be  pale 
yellow.)  Then,  add  exactly  1  ml  more  of  reagent 
nitric  acid. 

Fill  the  mercuric  nitrate  burette  and  let  it 
drain  down  to  zero.  Be  sure  the  tip  of  the 
burrcttc  is  filled.  Then  refill  the  burette. 

,  Place  the  casserole  under  the  mercuric 
nitrate  burette  and  add  reagent  mercuric  nitrate 
to  the  contents  of  the  casserjjle.  Stir 
continuously  until  a  pale  blue-violet  color 
persists  throughout  the  solution.  (Add  the 
mercuric  nitrate  ^at  a  fairiy  rapid  rate  at  first,  but 
^  add  it  very  siowly-drop  by  drop-as  the  end 
point  is  approached.) 

*  Read  the  burette.  Take  the  reading  from  the 
BOTTOM  of  the  MENISCUS  (the  curved  surface 
of  the  liquid  columii).  Since  the  sample  size  was 
100  ml,  andahe  burette  factor  is  0  -25  epm  of 
chldride  per  milliUter  of  mercuric  nfthite 
solution,  multiply  the  burette  reading  by  the 
factor  0.25.  For  example,  if  the  100  ml-water 
samp^  requires  1.75  ml  of  mercuric  nitrate,  the 
dijoric^e  concentration  is  1.75  X  0.25,  or  0.44 
epm. 

TEST  PERIODS  AND\  CHLORIDE 
LIMITS. -Chloride  content  can  be  determined 
either  with  the  electrical  salinity  indicator  or  by 
.  the  chemical  method.  Electrical  salinity 
indicator  readings  should  be  checked  frequently 
by  the  chemical  method.  Test  periods  and 
chloride  limits  for  the  various  feedwater 
constituents  are  as  ifollbws: 

1.  Distilling  plant  discharge  to  reserve  feed 
tanks:  each  measuring  tank-is  to  be  tested  before  « 
it  is  discharged  to  the  reserve  feed  tanks;  the 
limit  is  0.065  epm. 

2.  Condensate:  main  condensers,  every  15 
minutes  while  underway  and  every  30  minutes 
while,  standing  by;  auxiliary  condensers,  every - 
30  minutes;  chloride  Umit  is  0.0^  epm. 

3.  Deaerating  feed  tanks'  and 'surge  tankS  in 
u^:  once  each  watch;  chloride  lirfiit  is  0.1 5  epm. 

\4.  Reserve  feed  tanks :y4aily  and  for  each 
tank  just  prior  to  being  put  5l  use;  chloride  limit 
is  0.25  epm.         '  ,  , 


Test  periods  and  chloride  limits  are  listed  in 
chapter  220  oi  NAV SHIPS'.  Technical  ManiiaL 

Control  Orifice 

Capacity  control  is  maintained  by  an  orifice 
in  the  steam  supply  line.  The  orifice  controls  the 
flow  of  steam  to  the  first-effect  tube  nest.  The 
^ow  of  steam  into  the  tubes  is  kept  constant  by 
maintaining  a  constant  pressure  (5  psig)  above 
the  orifice.  This  results  in  a  relatively  constant 
distilling  plant  output.  First-effect  tubc-nest 
vac»um  automatically  adjusts  itself  to  provide 
the"temperatui%  difference  required  to  condense 
"  the  steam  as  fast  as  i^enters. 

Constant  capadty  is  desirable  because  it 
■  provides  a  uniformly  pure  product  as  well  as 
ease  in   controlling  water  levels  and  brine 
density. 

Weight-Loaded  Regulating  ^e 

A  weight-loadttijregulating  valve  is  installed 
in  the  steam  supply  line  'to  the  first-effect 
evaporator.  This  valve  maintains  the  inlet  steam 
pressure  at  approximately  5  psig  above  the 
gjifice.  There  is  a  vent  at  the  top  of  the  vaJve  > 
w)dy  to  permit  fr*e  movement  of  the  valve 
piston.  During  operation,  this  vent  must  be  open 
at    all    times.    In    some    new    ships,  the 
weight-loaded  regulating  valve  is  replaced  by  a- 
diaphragm-operated  control  valve,  actuated  1^ 
an  aic  pilot.  ^  . 

Levels  ! 

The  water -levelm  each  evaporator  shell  is 
controlled  by  hand-regulated  feed*  valves  or  by 
overflow  weirs.  At  the  side, of  each  evaporator 
shell  you  can  check  the  level  in  the  shell  by 
examining  the  gage  glass  or  looking  through  the 
&igh^  glass.  For  most  efficient  evaporator 
operation,  th^  tube  bundles  shoi^ld  be  barely 
covered  by  the  boiling  brine. 

Desuperheating  of  Steam  Supply  ^ 

If  the  st»am  temperature  below  the  orifice  is 
less  than  240°F,'.desuperheating  is  unnecessary. 
However,  if  the  steam  temperature  is  between 
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240°F  aqd  300''F,  desuperheatiiig  will  be 
required-  DeSuperheating  is  accomplished  by  > 
taking  wafer  from  the  tlrst-effect  tube-nest  drain 
pump  dischar^^  and  discharging  it  through  a 
rK)Ezie  in  the  steam  line  between  t^  oritlce  and 
ti^  first-efUct  tube  nest.  The  desupertieating 
water  should  never  be  taken  from  the  distilling 
plant  distillate  or  the  freshwater  pump.  The 
entile  boiler  feed  system  coiild  be  cbntaminated  ^ 
if  th&  distillate  from  the  distilling  plant  becomes 
salty,  since  the  first-effect  coil  drains  are  usually 
dischar^d  into  the  deaerating  feed  tank. 

The  desuperheating  water  lowers  the  steam 
temperaturt!?  ^  the  temperature  corresponding 
to  the  pressure  in  the  first-effect  tube  bundle. 

First-Effect  Tube-Nest  Vacuum 

There  should  be  no  noticeable  change  in  the  . 
first-effect  tube-nest  vacuum  in  any  one  day's 
operation  because  of  scale  deposits  on^ 
evaporator  tubes.  When  the  tubes  ate  dean  and 
the  plant  is  operated  at  rated  capacity,  a  sudden 
drop,  br  failure  to  obtain  14  to  16  inches  of 
vacuum  is  due  to  some  pther  cause  which  can 
and  must  be  ehminated.  Do  not  assume,  because 
•the  distilling  plant  output  is  not  immediately 
affected,  that  *the  loss  of  first^ffect  tube-nest 
vacuum  is  not  serious.  No  matter  what  the 
condition  of  the  evaporator  tubes,  thev 
first-effect  tube-nest^  vacuum  should  be  kept  as 
high  as  possible.. Other  wise  more  scale  will  form' 
and,  the  plant  will  have  to  be  operated  at  higlier 
temperatwes.  In,  addition,  frequent  cleaning  will 
be  required  to  maiftt^^in  capacity. 


Last-Effect  Shell  Vacuum 


In  operating  the  plant,  it  is  necessary  to 
maintain  a  constant  last-effect  shell  vacuum, 
because  a  rapid  fluctuation  in  this  vacuum  has  a 
strong  tendency  to  cause  priming.  It  is  also 
necessary  to  maintain  the  highest  vacuum 
possible  at  all  times  to  keep  scale  ^rmation  at  a 
minimum-  and  thus  maintain  capacity 
production  for  long  periods  without  cleanii]ig. 

pbtaining  maximum  vacuum  depends  upon 
-elimmation  of  air  leaks,  proper  operation  of  air^ 


ejectors,  sufficient  flow  of  circulating  water,  and 
the  effectivetiess  of  the  heat  transfer  surfaces  in 
the  distilling  condensers. 

^  Ejectors 
f 

Air  ejectors  require  very  little  attention 
during  distilling  plant  operation.  In  a  tight  plant, 
•only  one  air  ejector  is  required  to  maintain  a 
vacuum  of  at  least  26,5  inches  at  the  air  ejector 
suction. 

The  air  ejgctor  operating  pressij^,  stamped 
on  the  nameplate,  is  the  minimum  pressure 
required. at  the  nozzle.  Altowance  must  be  made 
for  a  pressure  drop  in  the  line,  through  the 
strainer/  when  the  air  ejector  steam  reducing 
vat^e  is  being  set.  A  pressure  at  the  nozzle, 
slightly  higher  than  the  minimum  specified,  is 
permissible  unless  it  causes  overheating  of  the  air 
.ejector  condenser. 

A  low  vacuum  may  be  due  to  faulty 
operation  of  the  ejector,  but  is  more  often  due 
to  air  leakage.  An  unsteady  vacuum,  however, 
usually  indicates  difficulty  at  the  ejector.  The 
most  frequent  causes  are  insufficient  steam 
pressure  and  wet  steam*  A  clogged  strainer  or 
nozzle  m'ay  also  be  responsible.^ 

#• 

m 

Venting  Evaporator  Tube  Nests 

Proper  venting  of  evaporator  tube  nests  is 
very  important.  During  normal  operation  of  a 
low-pressure  plant,  all  vents  leadi^e  from  the 
steam  heads  to  the  evaporator  shel^should  be 
open.  When  all  systems  of  a  distilling  plarit  are 
operating  at  approximately  normal  temperakurd§ 
and  pressures,  the  vent  valves  should  be  adjusted 
so  that  they  axe  open  about  one  turn.  The 
amount  of  valve  opening  may  vary  from  plant  to 
plant;  therefore,  the  actual  setting^  must  be 
determined  by  ^operating  e>iperienpe  with  a 
'particular  p'lant. 

Improper  venting  of  the  evaporator  tube 
nests  may  cause  either  an  accumulation  of  air  in 
the  tubes  (with  a  1'esultant  loss  of  capacity)  or 
an  excessive  loss  of  tube  nest  steaqi  to  the 
distilling  condenser  (with  a  loss  of  efficiency). 
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Brine  Concentraticm 

'  *      ■  . 

Although  the  salt  concentration  of  seawater 
is  not  always  the  same,  the  average  is  generally 
aa;epted  as  being  1  part  in  32-that  is,  I  pound 
of  dissolved  salts  is  contained  in  32  pounds  of 
seaWater.  As  seawater  vaporizes  in  the  distilling 
.  *  plant,  the  proportion  of  dissolved  salts  becomes 
greater  in  the  remaining  solution.  The  brine 
concentration  in  the  last-effect  shell  should  be 
kept  at  1.5  thirty-seconds-that  is,  there  are  1.5 
pounds  of  dissolved  salts  in  32  pounds  of  brine. 

The  concentration  (density)  of  brine  in  the 
evaporator,  within  limits,  has  a  direct  bearing  on 
the  quality  of  the  freshwater  distilled  by  the 
plant.  Since  the  amount  (varying)  of  brine  that 
is  discharged  overboard  affects  the  operating 
conditions  of -the  plant,  it  is  desirable  to  keep 
the  amount  of  brine  discharged  and  the  brine 
concentration  in  the  last-effect  shell  as  constant 
as  possible.  If  the  brine  concentration  is  too  low, 
there  will  be  a  loss  in  capacity  and  economy, 
and  it«^ill  be  difficult  to  obtain  proper  feeding. ' 
If  the  brine  concentration  is  too  high,  there  will  ' 
be  an  increase  in  the  rate  of  scaling  of  the/ 
evaporator  tubes,  and   the  quality  of  the 
distillate    may    be    impaired.    The    brin»  ^ 
concentration  depends  mainly  on  jthe  amount  of 
'brine  pumped  overboard  and  the  amount  of 
freshwater    being    produced.    The  brine 
concentration  should  be  checked  frequently 
during  -each  watch  (usually  at  intervals  of  1 
hour). 

^.  -'  -  >■  .  ^ 

The  'brine    density    is    measured  by 
•  SALINOMETERS  (fig.  17-7),  calibrated  to  read 
dinJctly  in  thirty-seconds.  The  salinometer  has  . 
four  separate  scales  which  indicate  the  salinity 
of    the    brine    at    four  different 
\  te-mperatures-^nO''F,    IIS^F,  ^\20°F,  and 

Samples  of  the  ferine  are  usually  taken  from 
a  sampling  cock  at  the  brine  overboard  pump 
-discharge.  Xhe  sample  must  be  truly 
representative  JOf  tlie  brir)e'in  the  last-effect' 
shell.  The  temperature  of  the  sample  drawn  into 
tlK  safnpling  pot  should  agree  closely  with  the 
reading  or  the  thermometer  on  the  last-effect 
Shell,  A  difCerence  of  more  than  3°F  or  4°F' 


^  47.136X 
Figurt  17-7.-S«lino{n«tar  and  Mmpting  pot. 


usually  indicates  faulty  operation  of  the' brine 
overboard   pump,  or  dilutioi^  of  the  brine' 
between  the  last-effect  shell  and  the  samphng 
cock. 


(grating  Record 


Th6  .Distilling  Plant  Operating  Record  is  a 
daily  record  of  the  operation  of  the'  ship's 
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evaporators  and  their  auxiliaries.  Entries  are 
m^e  for  eacii  hour  of  the  watch  while  the 
distilling  plants  are  in  operation.  Different  shipsr^ 
have  different  types  of  distilling  plants,  but  ail 
of  _the  daily  distilling  plant  olp^rating  records 
require  practicaUf^he  same  data- 

FLASH-TYP^ 
DISTILLING  PLANTS 

The  flash-type  distilling  plant  is  widely  used 
throughout  the  Navy.  Flash-type  plants  have 
some  distinct  advantages  over  *^  the. ^  submerged 
tube  type  plant.  Of^  is  that  the  flash-type 
**flashes''  the  feed  into  vapor  (steam)  rather  than 
boiling  it  inside  the  evaporator  , shell.  The 
flashing  process  involves  heating  the  feed  before 
it  enters  the  evaporltor  shell.  The  shell  is  under  - 
a  relatively  high  vacrBm.  The  feed  is  heated  t^g  a 
temperature  at  whicWit  will  flash  into  vapor 
when  it  enters  the  v^uum.  With  this  design » 
there  are  no  submerged  heat  transfer  surfaces 
within  tJfe  evaporator  Shell,  such  as  the  steam 
tubes  submerged    tiibe    unit.  The 

elimination  of  these  surfaces  greatly  reduces  the 
scale  formation  problem  of  evaporators  and 
allows  prolonged  operation  at  'maximum 
efficiency.  Any  scale  that  may  fomi  on  heat 
transfer  surfaces  of  a  flash-type^  plant  is 
composed  mainly  of  soft  calcium  carbonate 
compounds  that  are  relatively  easy  to  re'move, 

Tw*o-Stage  Flash  - 

Figure  17-8  is  an  illustration/showing  the 
major  components,  ^Of  the  two-stage  flash 
distilling  pla|xt  that  we  are  going  to  discuss. 
Figure  17-9  (foldout  #2  at^nd^of  chapter) 
shows  the  major  flowpaths  through  the 
two-stage,  12,000*  gpd  ^ash  distilling  -plant. 
Follow  along  on  the  d^^gram  during  the  ^ 
Explanation  of  the  plant  which  follows.        ,  ^  , 

SEA\^THR  FEED  CIRCUIT,- The 
seawater  feed  pump  (upper  left  of  fig.  17-?)^ 
talces  a  suction  through'  a  sea  chest  and  strainer 
a^id  discharges  seawater^into  the  tubes  of  the 
condensing  section  of  the  second  stage  of  the 
evaporator.  The  seawater  feed  then  flows  oyer  ^ 
into  the  tubes  '  of  the  first-stage  condensing 


section.  The  condensing  section  of  the 
evaporator  is  a  shell  >  and  tube  heat  exchanger 
which  extends  the  full  length  of  the  evaporator 
shell,  i.e.,  through  both  the  first  stage  and  tl\e 
second  stage. 

In  the  condensii^  sections,  the  seawater  feed 
condenses  the  surrounding  vapor  and,  as  a  result 
of  the  he^t  exchanger  process  the  feed  increases 
in  temperature.  When  the  incoming  seawater 
feed  has  a  temperature  of  SS^'F  (29°C),  the  feed 
leaving  the  first-stage  condensing  section  of  the 
evaporator  should  be  approximately  1 38* F 
(Sg'^C). 

N 

Upon  leaving  the^  first-stage  condensmg 
section,  the  feed  enters  the  air  ejector 
condenser/seawat^  heater  assembly.  In  this 
"  double^ow,  shell  and  tube  heat  exchanger,  the 
feed  picks  up  heat  by  condensing  exhaust  steam 
from  the  air  ejectors  and  from  steam  admitted 
to  the  seawater  heatef^from  the  auxiliary, 
exhaust  steam  system,  ' 

The  feed  water  leaves^  "the  air  ejector 
condenser/seawater  heater  assembly  at  a 
temperature  of  approximately  '170°F  (77^C) 
and  is  fed  to  the  first  stag?  of  the  evaporator 
shell.  The  feed  enters  the  bottom  of  the  shell 
througj^    two    spfay    pipes,,  which  partially 

-  atomizi^A?r^W3ter,  and  aids  in  'Hashing"  the 
feed  into  vapor.  Feed  that  does -not  fla^  in  the 
first  stage  is  directed   to    the  second  stagey 
through  an  internal  loop  seal  located  at  the 

'  bottom  of  the  slrcll.  Flow  control  of  the 
feed  water  is  accomplished  by  manual  operation 
of  the  feed  valve  in  the^line  just  before  the  first 
stage.  '  ^ 

The  feedwater  enters  tJie  second  stage  in  a 
manner  similar  to  the  way  it  entered  the 
first^stage  ^ell.'The  force  that  moves  the  feed 
from  the  first  to  tM  second  stage  is  the  pressure 
.  differential  betw^givjl^e  two  stages.  The  first 
stage    shelf    p^  maintained  at 

approximately  23  in.  lU  while  the  second-stage 
shell  pressure  is ji^pitSximateiy  2.7  in.  Hg.  Also 
assisting  is  the  head  due  to  the  higher  water  level 
in  the  first*  stage  which  bverfid\ys  into  the 
second  stage.  This  loop  seal  arrangement 
prevents  the  pressure  from  'Equalizing  between 
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FEED  LINE  FROM 
CONDENSINe  SECTK»i$  TO  AIR 
EJECTOR 
CONDENSER  &SSEI1€LY 


CONOENSiNQ 
SECTIONS. 


FEED  INLET 
CONNECTION 


0A6EB0ARD 


FEED  SECTIONS 


STEAM 
CONNECTION 


AjR  EJECTOR  CONDENSES/ 
Seawater  heater  ASSEIIBLY 


ORAtN 
REGULATOR 


FEED  LINE  YO 
1ST  STAGE 


Fiflurt  17-8.-2-rtifl«.  12,CX»  gpd  ffMh-typ«  w^iontof. 


SEAWATER  HEATER 
ORA)N  PUMP 

^'  47.21D 


thektages.  Feedwater  that  does  not  flash  into 
^^^^JiMfKiT  in  the  second  stage  ijecomes  brine  which  is 
purftped  overboard.  \'  ' 


\ 

7 


atomized  curtai^  of  spray  results  in  more 
complete  transformation  of  the  water  into  vapor', 
steam.  '  The    vapof    then    rises  through 


VAPOR  CIRGUIT.-Vapor  is  form^  in  the 
firstjstagi  shell  by  the  hot  feedwater  (hlO°P 
WO)  as  it  enters  the  shell  which  is  "under"  a 
vacuum  (23  in.  Hg),  Saturation  temperature  for 
23  in.  Hg  is  approximately  148°F  (64*'C).  The 
.  feed  enters  the  first  stage  shell  through  tv/o 
spray  pipes  fitfed  with  deflector  platen  which 
cause  the  feed  to  spray  downward  and  fbrm  a 
thin,  circular  curtain  of ^  water.  Thk.  partially 

\ 

o  ■ 
ERIC 


copper-^nickel  (Mone 
(moisture  separatc^rs) 
moisture    from  the 


)  mesh-type  de  misters 
which  remove  entrained 
vapor.  (The  moisture 
removed  from  the  vapor  drains  >ack  into  the 
bottom  [feed!  sectioryof^the  evaporator  ^shell). 
The  .vapoi:  then  passes  into  the  condensing 
section  df  the  evapbi-ator  shell  where  it  is 
condensed  into  dijiitillate  by  the  cooling^;  action 
of  the  incoming  feedwarer.  Vapor  proouced  in 
the  secor^l  stage  goes  thro^gA  the  same  process. 
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The  shell  pressure  is  lowar  in  the  second  stage, 
however  ■<27  in.  tig)  with  a  subsequent  lowered 
saturation  .temperature  of  ^pproximalety  1 1 5°F 
(46'F).  .  ' 

DISTILLATE  CIRCUIT.^Distmate  is 
formed  in  the  cpndensing  section  of  both  st^^es 
of 'the  evaporator.  The  distillate  from  the  first  { 
stage  collects  in  the  bottom  of  the  first-stage 
condensing  action  ih  a  hotwelMike  area 
(trough)  formed  by  the  joint  between  the 
^evaporator  shell  division  plate  and  the  first-stifee 
lotion  tray.  The  distillate  passes  through  a 
loot?  seal  into  a  higho-  trough  (or  tray)  in  the 
seoOnd  stage.  The  piping  between  the  *two  stages 
contains  an  orifice  -plate  with  a  5/S^inch 
diameter  orific^  which  controls  the  flow  ratt 
and  prevents  equalization  of  pressure  between 
the  stages  and,  also,  prevents  premature 
'^flashing"  of  the  distillate  as  it  enters  the  lower 
pressure  area  of  the  second  stege. 

The  distillate  is"  then  pumped  out  of  the 
.^ond-stage  distillate  trough  by  the  distillate 
pump.  The  distillate  pump  discharges  the  water 
through  a  thre%way  solenoid-operated  trip  valve  . 
(fig.  17-10),  .which,  when  .trippedv  •  wil^j 
automatically  divert  the  flow  of  distillate  to  the 
bilge  .  if  -  the  salinity  content  Teaches  a 
predetermined  setpoint  (usuajily  0.065  epm). 
When  the  Valve  is  in  the  reset  (normal)  position, 
distillate  passing  through  it  goes,  on  through  a 
^flowmeter  and  into  an  interlocked!  two-valve 
^  manifold.  The  two-valve  manifold  directs  the 
distillate  to  either  Jthe  potable  water  system  or 
the  reserve  feed  system.  The  manifold  is 
interlocked  to  prevent  opening  of.  both  valves  at  , 
the  SaHie.  time.  The  potable  water  system  can  be 
(x>ntaminated  with  chloride  from  a  shore  water 
source,  which  may  be  suitable^for  dri*nking  but 
not  for  boiler  feed.  The  potable  water  system 
^  and  the  reserve  feed  system,  therefore,  should 
NE vER-be  cross-connected  in  any  way. 

AIR  EJECTOR  CIRCUIT.  -  A  two^tage.  air 
ejector  unit,  using  auxiliary  ^steam  is  located  at 
th&  top  of  the  distilling  plant.  It  draws  vacuum 
and  assists  '  in  maintaining  the  .  vacuum  in  the 
evaporator  shell.  The  air  ejector  second  stage 
.  discharges  jnjo  the  air  ejector  condenser  section^ 
of  the  air  ejector  condenser/seawater  heater  ' 
assembly.  The  air  ejector  condenser  condenses 


the  steam  and  vents  air  and  rioncondensabies 
(such  as  CO2)  ,to  the'  atmosphere.  The 
condensate,  which  forms  from  the .ste^,  drains 
to  (fither  the  bilge  cSr  the  steam  drain  collecting 
system  through  a  three-way  solenoui-operated 
trip  valve. 

BRINE  CIRCUrr.-^Brine  (dark  ^reen)  is 
pumped  out  from  the  bottom  .  of  ^  the 
second-st^e  shell.  A  centrifugal  pump  is  used 
for  this  purpose.  -       ^.  ^ 

HEATING  STEiW/^Clfe^ 
.exhaust  steam  is  used  in  the  sea w^rtSJ"  neater  to^ 
f?royide    the    heat  "required    to    raise'  the 
temperature    of    the    seawater    feed  to 
approximately   llO^'F  (77°G).  The  auxiliary 
exhaust  steam  ^  entering  the  seawater  heater 
passes  through  an  orifice  which  controls  th^' 
qu^tity  of  the  steam  admitted  to  #he  heater.^ 
The  steam  ppfisure  Upstream  of  the- orifice  is 
approximately  3  p^.  .       ,    .  V 
:^  The  seawater  heater  is  vented   to  the 
first-st^e  evaporator  through  a  line  with  a. 
I /4-inch  orifice  to  bring  the  sea  water  heater, 
pressure  to  approximately  •  5L  in.  ftg^  (10  pda).'. 
The  pressure  differ^ ntia^b^ween  the  ajaxiliary 
exhaust  steam  pressure  dbdvc  the  orifice  and  the 
seawater  heater  pressure  is  critical  in  providing 
proper  steam  flow  to  the  heater!  Improf^  st^am 
flow  wiU  cause  "the  distilling  plant  output  to 

vary.  '     .    *  ^  ^  " 

Before  it  enters  the  seawater  heater,  the 
auxiliary  exhaust  steam  is  desuperhcdited  by 
•wat^r  sp«yed  into  the  steam  inlet  piping-  Thc^ 
amount  of  water  for  desuperheating  i%  adjusted 
by  an  automatic  control  valve  to  maintain  ihe 
steam  temperature  5"*  to  lO^'F  higher  than 
seawater  heater  •  shell  temperature.  In  this 
manner  the  temperature'  of  the  seawater  feed 
leaving  the  air.ejector  condenser/seawater  heater 
assembly  is  maintained  relatively  constant. ^ 
^  The  water  supply  for  the  desuperheatini 
water  is  a  portion  of  tlie  discharge  from  the 
seawater  heater  draiof^  "purhp.  During  plant 
startup,  whdi  water  from  the  seawater  heater 
drain  pump 'may  hot  be  available,  the  ship's 
.condensate  system  flemishes  the  water  supply.  A 
two-valve  interblock  between  the  supply  Trom  the^ 
seawater  heater  draiil  pump  and  the  supply  from' 
the  condensate  system  prev^jnts  cross-connectitig 
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of  these  two  systems.  The  twoWaJve  interlock  is 
arailar  to  that  desp-ibed  for  the' distillate  drcuit. 

-  SEAWATER  HEATER  DRAIN 
CIRCUIT^ -Condensed  auxili^y  exhaust  steam 
is  pumped  from  the  shell  of  th€  seawater  heater 
by  the  seawater  heater  - drajn  0ump.  A  drain 
regulator  serves  as  a  hotwell  and  assures  a 


constant  suction  head  for  the  pump.  The  drain 
regulator -is  a  ball  float-operated  valve  attached 
below  the  condensate  drain  connection  of  t^ie 
seawater  h^ter.  The  ball  Hoatjn^the  drain 
regulator  operates  the  valve  to  maintairf  a 
relatively  constant^water  levfel  in  the  housing, 
which  is  indicated  by  a  gage  glass.  A  decrease  in 
water  level  will  tend  to  close,  the  valve  in  the 
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drain  regulator.  Therefore,  the  amount  of 
condensate  discharged  by  the  drain  pump  will  be 
throttled  until  the  \yater  level  in  tlie  float 
housing  rises  again.  The-  water  level  in  the 
regulator  maintains  a  'suction  head  for  the 
seawater  heater  drain  pump  and  prevents  loss  of 
vacuum  in  the  seawater  heatejL  by  maintaining  a 
water  seal  between  the  heatej  and  the  pump. 

The  drain  pump  discharges  condensate  from* 
^the  "^awater  heater  to  the  condensate  system  ' 
(startup  only)  to  the  st^nv  drain  collecting 
system  (normal  lineup)  or  to  the  bilge^ 

-^SALJNITY  MONITORIlsfG  AND 
INDICATING.  -Four  salinify,  cells  in  the  plant 
provide  continuous  monit(Drirtg 'of  water  purity: 
(1)  at  the  Loop  seal  line  between  the  fiirst-  aiid 
second-stage  distillate;  (2)  at  the  distillate  pump 
discharge;  (3)^at  the  air  ejector  drain  line;  and 
(4)  at  the  seawater  heater  dr^in  pump  discharge. 
All  of  thft.  salinity  cells  are  read  on  a  salinity 
indicating  panel.  Two  of  the  cells,  located  at  tlie 
distillate  pump  discharge,  a  Ad  the  air  ejector 
•  j^drains,  a|so  cpntrol  three-way  solenoid-operated 
trip  vaJv^'  which  are  automati(^ly  "tripped"  to 
divert  the  flow  of  water  tp  the  bilge  to  prevent 
contamination  of  a  pure  water  system.  / 

I  _ 

^    Other  Applications  of  the  . 

Flash-Type  Distilling  Unit  • 

Flash- tyrf>ei^  distilling  plants  may  have  any 
.  number  of  stages  and  output  capacities.  For 
example,  the  Navy  uses  one  type  of  three-stage, 
30,000  gpd  plant  as  well  as  a  five^tage ,.60,000 
gpd  unit.  All  tlash-type  plants  optratJ on  the 
same  basic  pfinaples  as  those  describ^  for  the 
two-stage  plant.  ^ 

Operating  Notes  for  Flash-Type  Uoits 

Tlve  rate  of  feed  to  the  first-stage  inlet  box 
sliquld  be  maintained  constant  at  all  times, 
providecf  the  '  plant  is  producing  its  normal 
capacity  or  less.  Distilljng  plants  are  designed  to 
operate  at  a  definite  number  of  gallons  feed 
-per  n^inute,  which  is  indicated  by  rotameters  in 
the.  feed'  line  between  the  distilling  condenser 
circulating  water  pump  and  the  distillate  cooler^ 
^    All  other  valves  in  the  feed  line  should  be 


opened  wide  to  prevent  their  interfering  with 
,iJie  proper  flow  or  feed  through  the  plant. 

•  .With  proper  feed  flo^  and  with  a  clean 
plant;  the  temperature  of  the  feed  entering  the 
first-stage  feed  inlet  box  will  be  1 75°F  (79°C)  or 
less,  depending  on  the  temperature '  of  the  v 
*  seawater.  Plants  are  designed  to  operate  with  a 
feed  temperature  of  IT^^'F  (79''C)  maximum  ' 
when  the  temperature  of.  the  ^seawater  is  85°F 
(29'°C);  when  the  seawater  tempefature  is  lower, 
^,the  feed  temperature  will  be  correspondingly 
lower.  _^        ^  ' 

No  attempt  should  be  made  to  control  the 
'eedwater    temperature    after    it    leaves  the 
feedwater  heater  and  enters  the  first-stage  flash 
box.  The  temperature  should  adjust  itsejf  to  the 
/Varying  plant  conditions.  Full  capacity  will  be 
/  realized  with  proper  feed  flow,  proper  vacuums 
!  throughout  the  plant,  and  proper  steam  pressure 
/  above  the  orifice. 

The   feed    temperature  should  never  be 
allowed    to    exceed    HS'^F  J[79''C).  Higher, 
operating  tempeitture  will  greatly  increase  the- 
amount  of  sca|e  formation. 

Although  the '  capacity  of  the  flash-type 
distUUng  plant  depends  on.  (1)  the  quantity  of 
evaporator  feedwater  entering  ,the  first-stage 
feed  bo>^  and  (2)  the  difference  in  temperature 
between  the  feedwater  entering  'the  first  stage 
and  the  vapor  in  succeeding  stages,  the  capacity 
can  be  changed  only  by  increasing  or  decreasing 
r  the  amount  of  heat  added  to  tlie  seawater'by  the  ' 
feedwater  heater. 

With  a  constant  steam  pressure  of  5  psig 
above  the  orifice,  an  increase  in  the  feed  flow 
Will  .decrease  the  temperature  in  the  first-stage 
flash  chamber,-  which  will .  also  decrease  the 
temperature  of  the  vapor  in  thQ  succeeding 
stages,  and  the  capacity  will^  remain,  xx)nstan^/ 
Therefore,  the  capacity  of  the  plant  c^n^e 
changed  by  changing  the  steam  pressure  alcove 
tJie  orifice. 

'    •  '  / 

/ 

VERTICAL  BASKET 
^       DISTILLING  PLANT^ 

Some  or  the  newer  shi^s  have  distilling 
plants  that  differ  somewhat  from  the  submerged 
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tiibc  type.  One  su 


^ype  is  the  vertical  basket 


•The  low-prei^iiii^  vertical-basket  type 
distilling  plant  (Fig,  I74i)  consists  o^twoeffect 
(or  more)  evaporators  w;ith  a  distil^r  condenser, 
vapor  feed  heaterSv  air^  ejecto;rs  and 
ahercx^ndensers,  and  a  distillate  cooler.  The  only 
difference  ^etween  this^  ^pe.  of  .distilling  plant 
and-the  conventional  submerged  tube  type  is  in 
the  evaporators, 

Fach  evaporator  consists  of^a  vertical  shell 
which  contains  a  deeply  corrugated  vertical 
basket.  (Sec  fig.  17-12.)  Some  installations  may 
use  more  than  one  basket.  Low-pressure  steam  is 
admitted  to.  the  inside^  of/the  first-effect  basket^ 
^  and  feedvyater  is  boiled  jri  the  space  between  the 
^  outside  of  the  basket  and  the  shell.  The  vapor, 
formed  from  the  boiling  feedwater,*  passes 
through  cen tjrifugal-type  ,  ms^h-type  vapor 
separators  and  the  vapor  feed  heater  into  the 
inside  of  the  second-effect  basket.  This  boils  the 
brine  from  the  first-effect  in ,  acldition  to  a 
certain  *  amount  of  "feedwater  'in  the  space 
between  the  shell  and  the  basket.  Tlie  vapor  tlius 
formed  passes  tfuough  separators  (to  the 
subsequent  effects  or,  in  a  two:€ffect  basket, 
into  the  distiller  condenser. 

A  Schematic  diagran]  of  the  flow  circuits  of  a 
vertical  basket  distilling  unit  is^shown  in  figure 
17- Ik  Refer  to  this  figure  as  you  study  the 
foilowl^  description  of  the  flow  circuits  of  the 
unit  ^ 


STEAM  FLOW  CIRCUIT 


/ 


Ueating  steam  from  the  ship's  auxiliary 
exhaust  main  is  fed  throug^i  a  pressure-control 
valve  to  the  steam  chest  ofthie^Vst  effect.  The 
pressure-conltoi  vaive  is  'set  to  maintain  a 
constant  steair|-suj>|>iy  pr^^yssure;  it  should  be  set 
for  5  .psig  steam  on  the  upstream  side  of  the- 
orifia;  plate  tot  rated  output/ and  lower  for 
^reduced  output.  The  heating  steam  is  condensed 
within  the  corrugated  basket;  the  conden^te  is 
returned  to  the  ship\s  condensate  system  (boiter) 
or  reserve  feed  tafv|/  by  the  first-effect  draiq 


pump. 
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A  steady  water  level  is  maintained  in  the^ 
suction  line  of  the  first-effect  drain  pump  by  the 
drain  controller;  ,this  ensures  a  positive 
submergence  head  for  the  pump.  If  the 
first-effect  drain  pump  fails,  the  evaporator  can 
be  kept  in  operation  by  bypassing  the  drain 
controller  and  manually  controlling  the 
conderisate^  discharge  tcr the  low-pressure  dxairi 
mains;  at  least  1  psig  pressure  in  the  steam  chest 
.is  required,  under  these  conditions,  to  drain  the 
condensate, 

FEED  FLOW  CIRCUjrr 

«  « 

Seawat^r  feed  is  taken  from  a  sea  chest, 
through  a  strainer,  by  the  seawater  circulating 
pujnp,  and  is  discharged  through  the  distillate 
cooler.  <The  incoming,  feed  serves  to  cool^  the 
distillate  from  the  distiller  condenser  to  within  a 
few  degrees  of  the  ^emperature  of  the  fded.)  The 
seawater  then  passes  through  th?  distiller 
condenser;  the  major  portion  (about  75%)  goes 
through  the  eductor,  combines  with  the  brine 
(from  the  second  effect),  and ,  is  diVharged 
overboard. 

The  fped  remaining  in  the  c<jndenser  is 
directed  tiirough  the  aftercondenser  and  the 
vapor  feedwater  heater  to.  the^first  effect,  where 
it  surrounds  the  basket.  Violent,  boiling  takes 
place  and  vapor  forms  within  the  first  effect. 
The  remaining  brine  serves  '^as  feed  for  the 
second  effect.  (Earlier  models- were  equipped 
wrth  a  branch  fro^n  the  feed  line,  which  led  from 
the  heating  section  of  ttie  distiller  condenser  to  a 
connection  on  the  bottom  of  the  second  effect;, 
as  a  result,  the  second  effect  was  supplied  wfth 
brine  from  tlie  first  effect,  and  Keaffcd  seawater 
from  the  heating  section  of  the  distiller 
condenser  as  fet^d.)  In  current  models,  all  feed 
enters  the  first  effect. 
,  The  brine  from  the  second  -effect  is  removed 
by  $he  brine  pverboard-dischargc  pump;  it  is^ 
discharged  overboard,  through  tlie  eductor  and 
control  valve,  after  it  has  been  conibincd  (in  the 
eductor)  with  tl^  seawater  overbc^^rd  discharge* 
from  the  distiller  condenser, 

VAPOR  ciRGurr 

The  vapor  whidh  forms  as  a  result  ot'  the 
boiling  of  the  feed  in  the  first  cUt^h  pass^^s 
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Figurs  17-11.— Low  preiture  double-effect  distilling  plant  {vertical  basket  type). 
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through  the  uptake  pipe  and  enters  the  cyclonic 
separator  above  the  evaporation  section.  Most 
liquid  particles  which  carry  over  with,  the  vapor 
are  itmoved  by  centrifugai  .force  within  the 
fmt-effect  separator.  The  first -effect  vapor 
passes  from  the  steam  dome,  through  the  vapor 
feedwater  heater,  to  the.  steam  chest  and  the 
evaporator  basket  of  the  se(»Hd  effect.  Some  of 
the  vapor,  in  passing  from  the  first  .effect  to  the 
second  effect,  condenses  as  it  'heati  the 
feedwater  passing  through  the  vapor  feedwater 
healer.  The  major  portion  of  the  first^ffect 
vapor,  however,  enters  the  second-effect  s^eain 
chest  and  condenses  as  it  heats  ^e  brine  inNthe 
second  effect. 

The  vapor  resulting  from  the  boiling  of. the 
.brine  in  the  secd'hd  effect  .passes  through 'the 
second-effei:!  uptake  into  the  'second^ffect 
separator,  where  centrifugal  force  removes  water 
particles  frdm  th^  second-effect  vapor.  (Liquid 
particles  from  both  stages  drain  downward  and 
become  part  of  the  brine  drains^  This  two-stage 
separation  results  in  distillate  with  less  tijan 
0.065  epm  chloride  uncfer  normal  operating 
conditions. ■  From  the  second-stage  separator,,  tlie 
vapor  passes,  through  the  steam  dome,  to  \he 
distiller  condenser,  where  tlie  vapor  is  condensed 
as  it  is  cooled  by  the  incoming  feed. 

"DISTILLATE  CIRCUIT 

The  condensate  formed  in  the  second-effect 
steam  chest  passes,  through  a  loop  s^al,  to  the 
flash  tank  of  the  distiller  condenser,  under  the 


pressure  differential  existi^  between-  |he 
second-effect  steam  chest  and  the  flash  tank. 
The  loop- seal  permits  only  condensate  to  pass. 

.  •  The  vapor  from  the  second-effect  steam 
dome  condenses  in  the  distiller^ndenser  and 
collects  in  the  flash  tank  at  the  bottom  of  the 
distiller  condenser.  The  distiliale  ^combined 
condensate  drains  from  the  distiller  condenser 
and  the  second-effect  %team  chest)  is  removed 
frotn  the  flash  tank  by  the  distillate  pump  and  is 
dischai:ged  through  the  distillate  cooler  and  the 
solenoid-operated  dump  valve  to  the  ship's 
service  tanks. 


In  some  vertical  basket  units,  the  discharge 
rate  of  the  distillate  pump  is  controlled 
automaticaHy  by  a  drain  controller.  The  drain 
V  controller  maintains  a  positive  water  level  in  the 
flash  tank  so  that  the  pump  will  not  become 
vapor-bound.  Later  models  of- vertical  basket 
units  have  a  recirculating  line  tO'  the  flash  tank  ' 
instead  of  a  drain  controller.  A  throttle  valve  is 
included  in  the  recirpulating  line.  The 
recirculating  line  supplies  relatively  cold 
freshwater  to  the  flash  tank.  The  cooling  water 
reduces  the  temperature  of  the  distillate  below, 
the  flashpoint;  thus,  vapor  lock  •  within  the 
distillate  pump  is  prevented.  The  recirculating 
line  also  ensures,  through  control  of  the  throttle"^ 
valve,  a  positive  suction  head  'on  thi  distillate 
pUmp.  .        •  *  " 

Under  normal  operating  conditions,  the 
vertical  basket  distilUng  unit  produces  distillate 
^ith  less  than  0.065  epm  chloride  (0.25  grains  ' 
salt  peT  gallon).  If  the  unit  is  to  produce 
,  relatively  pure  distillate,  saltwater  'must  be 
prevented  froip  ^  entering  the  vapor  and 
condensate  systems.  A  salinity  cell  in  each  of  the 
unit's  fresliwate/  lines  prevents  saltwater 
contamination  of  the  ship's  freshwater  supply^  Jf 
a  saltwater  leak  should  develop  in  the  distillate 
circuit,  tlie  salinity  indicator  actuates  the 
solenoid  dump  valve,  which  diverts  the 
contaminated  water  to  the  bilge  until  t^e  unit 
can  be  securec}  and  the  leakage  can  be  stopped. 

NONCONDENSABLE  GASES 

An   air  ejector   removes   air   and  other 
noncondensable  vapors  in  the  distiller  condenser 
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and  rnain tains  vacuum  throughout  the 
evaporator  units.  The  eje^orvis  a  single-nozzle,' 
single-stage,  steam  jet  tn>^-  Th^  ejector  is 
mounted  on  the  side  of  the  distiller  condenser 
and  takes  its  suction  from  a  specially  baffled 
section  within  the  distiller  condenser.  Vent  lines 
and  interconnecting  vapor-piping  connect 
components  in  .  which  vacuum  must  be 
maintained. 

The  air  ejector  removes  the  air  and  other 
nontondensable  vapors  from  the  distiller 
condenser  by  using  the  energy  in  steam  at  150 
psi.  The  gases  entering  the  suction  of  the  ejector 
are  entrained  by  the  steam  jet  from  the  nozzle 
and  are  carried  through  the  diffuser,  where  the 
pressure  is  raised  to  that  of  the  atmosphere.  The 
ejector  discharges  intd  a  surface  aftercondenser, 
where  the  steam  is  condensed  anj^  the 
non  condensable  gases  are  vented  to  the 
atmosphere.  ' 


HEAT  REC0VERY  TYPE 
DISTILLING  UNITS 

Heat  recovery  type  units  are  used'^in  some 
vessels   with  engine  propulsion  or  auxiliary 
engines.  Two  variations  o^>tiie  heat  recovery 
^pes  axe  used;  bdtti  use  the  heat  from  eagine- 
cooling  systeAis  for  evaporization  of  seawater. 

fn  one  model  of  a  heat  recovery  plant,  the 
heat  of  the  diesel  engine  ja^ijcet  water  is 
transferred  to  ^e  seawater  in  a  heat  exchanger. 
The  heated  seawater  is  then  "flashed"  to 
freshwater  vapor  as  in  the*  flash-type  distilling 
unit.  In  the  second  variation,  the  diesel  engine 
jacket  waiter  is  circulated  through  a  tu1>e  bundle^ 
which  is  submerged  in  seawater.  The  seawater  is 
boiled  in  a  chamber  which  is  under  vacuum  as  in 
the  submerged  tube  type  distilling  unit* 

*  A  simplified  flow  diagram  for  a  12,000  gpd, 
Model  S500ST  submerged  |ube  recovery  unit,  is 
shown  in  figure  17-13.  In  this  recovery  unit, 
jacket  water  from  the  ship's  main  propulsion ' 
ditsels  is  fed  to  a\tube  bundle.  The  tube  bundle 
is  submerged  in  the  seawater  which  is  to  be 
evaporated.  The  jacket  water  imparts  its  heat  to 
the  seawater  surrounding  the  tubes,  thereby 
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Figurt  17-13.— Sfmpiifisd  flow  diagram— tiMt  rt&v^ry 

.  '  unit  ^ 


inducing  evaporation  of  the  seawater,  The  vapor 
created  by  the  evaporating  seawater  is  drawn 
through  Vapor  separators  to  the  distillate 
condensing  tube  bundle.^  The  temperature  of 
evaporation  is  maintained  below  the  normal 
2I2°F  boiling  point  by  a  feedwater  operated  air 
eductor.  This  eductor  mechanically  pvacuates  air 
and  gases  entrained  in  the  vapor  formed  in  the 
evaporating  process  and  Creates  an  internal  shell 
pressure  as  low  as  2  1/2  psia. 

SEAWATER  CIRCUIT 

"  Seawater  is  pumped  into  the  unit  by  the 
saltwater  circulatijjg.  pump  and  enters  ^t  the 
distillate  cooler.  It  is  then  channeled  through  the 
condenser  tube  bundle,  after  whiQhlhe  greater 
portion  of  the  flow  is  usid  in  operating  bpth  the 
air  eductor  and  the  brine  eductor,  hefore  being 
discharged  overboard.  The  remaining  smaller 
portion  then  transverses  the  condenser  tube 
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bundle.  From  this  tube  bundle,  it  enters  the 
bottom  of  the  evaporator.  Feed  water  level 
within  the  shell  is  controlled  by  an  internal 
weir-type  controller.  Uneraporated  feed  water, 
now  referred  to  as  brine,  "Is  discharged  from  the 
shell,  drawn  off  by  the  brine  eductor,  and  forced 
overboard. 


Distillate  circuit 


Generated  vappr,   which  if  produced  at 
temperature's  much  below  normal  atmospheric 
boiling  point,  rises  to  the  upper  section  pf  the 
shell  and  passes  through  a  vapor  separatoj.  The  >^ 
separator,  which  consists  of  woven  beds  of 
Monel  wire,  causes  the  vapor  to  change  its 
direction  of  motion  many  times  as  it  passes 
through  the  bed.  This  highly  active  motion,  at  a 
considerable  vdocity,  has  the  mechanical  effect- 
of  separating  moisture   from  the  vapor  ari!|k 
thereby  produces  a  dry  saturated  steam  which/ 

^when  it  condenses,  assures  a  pure  distillate. 
Sepairatcd  moisture,  ,  which  may  contain  salt 
particles,  drips  back  to  the  feedwater.  Separated 
vapor  conhnues  its  flow  to  the  distillate 
condensing  section.  The  vapor  is  condensed  and 
its  latent  heat  is  absorbed  by  the  feed  water 
passing    through    the    tubes.    The  resultant 

.  distillate  is  then  drawn  off.  by  the  action  of  the 
distillate  pump  and  cyfculated  through  the  shell 
side  of  tlte  stenluer/drain  cooler,  which  heats  . 
the  distillate  to  destroy  possible  contaminants. 
Steam,  dsed  as  the  heating  medium,  is 
condensed  the  process  and  the  drains  are 
cooled  before  leaving  the  steriiizer/drain  cooler. 
Sterilized  distillate  ;hen  circulates  to  the  potable 
point.  There  a  three-way  solenoid  valve 
discharges  the  distillate  to  storage  or  to  waste, 
depending  upfioo  its  purity.  The  solenoid  valve 
receives  its  signal  from  a  monitoring  salinity  c^ir 
iri  the  distillate  cooler  discharge  line.  If  the 
present  purity  level  is  exceeded,  the  salinity 
equipment  automatically  mduces  a  ^  dumping  ' 
action  in  the  solenoid  valve.  Pure  distillate  is 
metered  for  the  qua^itity  stored, 

AIR  REMOVAL  CIRCUIT 

Air  and  noncondensable  vapors  enter  the 
evaporating   plant   mainly  with  feed  water  m 


which  'they  are  dissolved.  These,  gases  are 
released  into  the  vapoi^ace  of -the  unit,  a#the 
water  evaporates,  aiidMollect  in  all  parts  of  the 
plant.  Air  also  ent^  through  vjfirious  small 
leakage  points  sucn  as  pump  glands,  and 
imperfec't  vacuum  joints.  The  distillate 
condenser,  wliich  is  at  the  lower  end  of  the  heat 
flow  cycle,  is  the  collecting  point  for  mc^t  of 
these  gases  because  of  lower  pressures  existing  in 
thUt  area.  Collection  of  these*  gases  hinders 
efficient  heat  tr^sfer  t)ecause  of  the  insulating 
blanketing  effect  on  the  tubes.  To  maintain  high 
vacuum,  and. efficient  heat  transfer  in  the  plant, 
the  noncX)ndensing  gases  extracted  '^d 
expelled  to  the  atmosphere  by  an  air  eductor. 
Feedwater,  issuing^  from  a  nozzle  inside  the 
.eductor,  creates  a'vacupm  and  entrains  the  gases, 
compresses  them  to  a  pressure  slightly  above 
atmospheric  pressure,  and  expels  them- 
overboard. 

JACKET  WATER  CIRCUIT 

The  unit  has  been  designed  tC  operate  using 
jacket  water  from  the  main  propulsion  diesels. 
The  jacket  water  makes  a  four-pass  flow  through 
the  tube  bundle.  The  first  pass  is' througli  the 
upper  layers  of  tubes  and  accomplishes  the 
greater  part  of  the  evaporatiort.  The  jacket  water 
circuit  provides  a'waterflow  of  300  gpm  at  a 
temperature  of  ISO'^F  to  the  tube  ,bundle. 
However,  wKen  the  diesel  engines  will  not 
provide  sufficient  heat,  a  steam  heater  and 
electric'heater  are  used. 

The  steam  heater,  in  conjunction  with  the 
electric  heater,  heats  the  water  circulating 
through  the  tube  bundle  during  at-anchor 
operation.  Jacket  water  passes  througli  the  tubes 
of  the  heater  while  steam  is  admitted  tQ  the  shell 
side  of  the  heater  raising  the  temperature  of  the 
circulating  water  to  167''F.  The  water  is  then 
directed  tlirougli  the  electric  heater  to  raise  the 
temperature  to  ISO'^F  before  it  is  admitted'^  to 
the  heating  tube  bundle,  A  hot  water  circulating 
pump  provides  motive  jbrce'for.the  jacket  water 
during  at-anchor  opej;<ition.  The  electric  heater  is 
also  located  in  the  jacket  water  piping  and, is 
iised  with  the  steam  heater  as  a  supplementary 
heater  during  main  propulsion  diesel  warmup 
and   during^  at-anchor  operation.  The  jacket 
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water, 
passes 
heater 


aft. 


atier  passing  through  the  steam  heater^ 
tij^ugh  the  slieli  side  of  the  electric 


AIR  AND  BRINE  EDUCTORS 

Ak  and  brine  eductors,  mounted  externally 
td  the  evaporator  shell,  are  both  feedwater 
operated.  The  air^ductor  provides  the  initial 
vacuum  necessary  ^  unit  startup.  Once  the  unit 
is  in  operation,  hovfever,  its  primary  function  is 
to  remove  noncondensables,  from  the  shel^ 
jnterior.  These  ^  noncondensables  are  then 
directed  overfagjp-d.  The  brine  eductor  removes 
unevaporated  brine  from  the  shell  interior  after 
it  passes  over  the  brine  duct.  The  unevaporated 
brine  is  then  also  directed  overboard.  Tlie  basic 
components  of  each  eductor  are  a  Monel 
feedwater  nozzle  and  cast  bronze  feedwate^ 
chest.  The  nozzle  increases  the  velocity^ of' 
feedwater  entering  the  feedwater  chest  which,  in 
the  cas<?  of  the  air  (^uctor,  produces  the  vacuum 
which  withdraws  noncpndensables '  from  the 
evaporator,  and  which,  in  the  case  of  the  brine 
eductor,  produces  a  vacuum  which  withdraws 
non evaporated  brfne^^^       •  V 


MAINTENANCE  OF  LOW-PRESSURE 
DISTILLING  PLANTS 

•9 

Thc^'ull  output  of  a  distilling  plant  can  be 
maintained  for -relatively  long  periods  without 
interruption  only  if  every  part  of  the  plant  is 
kept  in  proper  ot>erating  condition.  This  can  be 
accompHshed  by  periodic  tests,  inspections, 
cleaning,  and  maintenance.  No  strict* schedule 
can  be  set  up,  but  experience  with  a  particular 
installation  may  indicate  the  frequency  of 
testing,  inspticting,  ^cleaning,  and  maintenance 
required  for  the  unit.  The  following  are  some  of 
these'  maintenance  procedures  and  the 
approximate  frequency  required. 

CARE  OF  HEAT 
EXCHANGER  SURFACES 

The  output  of  the  Jow-pressure,  submerged 
tube  distilling  plant  is  not  reduced  appreciably  i 
by.  scale  deposits  on  the  evaporator  tubes  until 
the   Jtle\)osits    have,  '  caused    a   reduction  in 


first-effeet  tube-nest  vacuum  to  1  or  2  inches  of 
mercujy.  When  the  fu^st-effect  tube  nest  vacuum 
is  lost  entirely,  the  reduction  in  output  becomes 
very  great.  Assuming  the  reduction  in  vacuum  is 
djie  to- scale  and.  not  the  result  of  i  improper 
operating  conditions^  the  evaporator  tubes 
MUST  be  cleaned  when  the  tube-nest  vacuum 
'approaches  zero.  To  maintain  adequate  output 
the  tubes  SHOULD-  be  cleaned  when  the 
first-effect  tube-«est  vacuum  fails  below  3  inches 
of  mercury..  t 

When  the  plant  is  properly  operated  and  , 
when  the  evaporator  feed  is  treated,  the  interval 
between  cleanings  should  be,6"months  or  more. 

.  Saltwater  flows  -  inside  the  distilling 
condenser  tubes,  air  ejector  condenser,  ar\d 
vapor  feed  heater^  Under  some  operating 
conditions,  scale  de||osits  may  accumulate  inside; 
these  tubes,  ffarticularly  ^  in  the  air »  ejector  . 
condenser  and  the  first-effect  feed  heater.  Every 
6  months^  gr  whenever  the  plant  is  secured  for 
descaling  evaporator  tubes,  the  inside  surfaces  of 
these  heat  exchanger  tubeS' should  life  inspected  ^ 
and  cleaned  if  necessary.  Neglect > can  lead  ta 
thick  scale  deposits  which  will  be  difficult  to 
remove. 

Scale  Prevention 

Very'  little  hard  scale  sliould  form  in  a 
distilling  plant  that  uses  seawater  for  feed  if 
feedwater  distribution  is  proper,  if  steam 
pressure  above  the  orifice  is  not  more  than  5  psi, 
if  a  high  vacuum  is  maintained,  and  if  the 
density  of  tfte  brine  overboard  is  not  over  1.5 
thitty-seconds. 

During  noHnal  operating  conditions,  scale 
deposits  will  form  at  a  certain  rate  on  the 
distilling  plant  evaporator  tubes.  The  rate  of 
scaling  depends  upon  the  concentration  of 
suspended  matt^  ancl  carbonates  present  in  the 
seawater  or  freshwater  used  to  feed  the  distilling 
plant.  However,  tlve  -  important  point  to 
remember  is  that  ejt^pssive  scaling  Of  the 
evaporator  tubes  cam  be  caused  by  improper 
operation  of  the  distilling  plant. 

The  scale  . deposits  increase  as  the  density  of 
the  brine  inereai^s  in  the  last-effect  shcLUjrhe 
brine,  conceatration  is  dependent  mainly  upon 
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.the  quantity  of  brine  pumped  overboard  and 
upon  the  amount  of  treshsyater  produced.  If  the 
brine  concentration  is  too  higli,  the  rate  of 
scaling  of  the  evaporator  tubes  will  increaW^anch 
the  quality  of  the  distillate  may  be  impaired. 
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mixture    thoroughly    to    ensure    a  uniform 
solution.  This  mixing  and  ^ilution  can  be  done  * 
while  the -pump  continues  tb  deliver  PD-8  to  the 


operating  evaporator. 


To    retard    tiie    formation   of  scale  on 
evaporator  tubes   and   to   minimize  priming, 
'  ^lutions  are  continuously  injected  into  the 
evaporators, 

A  chemical  compound  known  as  PI>8, 
formerly  called  Hagevap,  replaces  cornstarch  and 
boiler  compound  for  the  treatment  of 
evaporator  feejlwater  '4nd  has  been  accepted  as 
the  Navy  sfANDARD  FEED  TREATJ^IENT 
COMPOUND.  PD^S  has  proved  to  be  superior 
because  of  its  ability  to  prevent  the  formation  of 
'scale.  PD-8  increases  the  productiorr  of  distilled 
water  by  decreasing  the  amount  of  t4me  that 
^  plants  must  be  shut  down  for  cold  shocking  and 
scale  remova}. 

PD-8  -  is  composed  of  polyphosphates, 
iignins,  and  antifoam  agents.  The 
polyphosphates  combine  with  the  scaie-fomiing 
particles  in  sc'awater,  while  the  lignins  keep  the 
resulting  solids  dispersed  and  suspended.  The 
^ntifoamijig  agents  prevent  foaming  and  help 
•  prevent  scale. . 

Proportioning  pump  and  tanJc  assemblies, 
available  from  the  ship's  parts  supply  segment  of 
the  naval  supply  system,  consist  of  a  iO-gallon 
mixing  tank  with  a  capacity  of  24  gallons  limn 
top  to  bottom  the  gage  glass  and  a  simplex  or 
duplix.  proportioning  pump  with  a  maximum 
capacity  of  2.5  gallons  per  hour  per  pump.  Sorne 
assemblies  may  differ  \f\  the  capacity  of  t^k 
and/or  pump.  Installation  instructions  have  been 
issued  in  vSHIPALTS  for  all  classes  of  sliips  that 
use  low-pressure,  submerged  tube  or  vertical 
basket  type  disfilling  plants.  The  PD-8  system  is 
installed  in  some^ips  when  the  ship  is  built. 

Dissolve  the  required  afnount  of  PD-8,  by- 
stirring,  in  a  bucket  of  warm  water  at  a 
terpperature  not  to  exceed  lOO'^F.  Dump  this 
concentrated  solution  into ^he  30-gallon  mixing 
tank,  add  enough  cold  water  to  'dilute  the 
solution  to  a  to^al  of  24  gallons,  then  stir  the 


The  simplex  pump  consists  of  one  pfamp  and  ' 
one  motor.  The  duplex  pump  consists  of  two 
pumps,  driven  by  pne  motor,  served  by^he  same 
mixing  tank.-  Duplex  pumps  may  serve  two 
distilling  plants  ONLY  when  the  two  fslants  have 
the  same  capacity  and  when  tliese  two  distilling 
plants  are  located  in  the.  same  compartment.  In 
all  other  cases  simplex  pumps  rriust  be  installed. 


With  either  the  simplex  or  duplex  pump,  the 
length  of  the  stroke  determines  the  pump 
capacity.  The  stroke  is  adjusted  but  is  never  set 
at  less  than  20%  because  accuracy  of  the 
injection  rate  and  lubrication  of  the  pump 
plunger  will  be  affected.  If  possible,  the  pump 
stroke  (or  strokes  on  a  dup|ex  pump)  should  be 
set  to  empty  the  mixing  tank,  from  the  top  to 
the  bottom  of  the  ^age  glass,  in  exactly  24 
hours.  If  this  rate  of  injection  should  Require  a 
pump  stroke  of  less  than  20%,  then  the  stroke 
shquld  be  set  to  empty  the  tank  iri  less  than  24 
hours,  preferably  in  1 2  or  8  hoursio-^nable  easy 
establishment  of  ^  routine  for  refilling.  However, 
if  the  time  is  12  hours,  the  solution  will  contain 
only  half  the  amount  of  PD-8  required  for  a 
24-hoar  period,  and  the  tank  must  be  filled 
twice  a  day^  If  the  period  of  time  for  emptying 
the  mixing  taWc  is  8  hours,  the  solution  will 
contain  dnly-f/3  the  required  daily  amount,  and 
the. tank  must  be  filled  three  times  each  day. 


If  the  pump  stroke  must  be  changed,  the 
setting  can  be  made  from  the  indicator  scale 
mounted  on-  the  crank  arm  and  verified  by 
checking  the  amount  of  time  required  to  empty 
the  mixfng  itank.  The  indicator  scale  is  calibrated 
from  0  tq  iO.  If  the  piimp  has  a  maxirrxum 
capacity  ot  7  gph,  setting  the  indicator  pointer 
on  5  will  result  in  a  delivery  of  3  1/2  gph.  Tb 
change  th/stroke,  stop  the  pump  and^loosen  the 
crankpinMOvCknuf.'  Watch  the  pointer  on  the 
indicator^scaie,  and  turn  the  adjusting  screw  tlie 
required  amount. ^Tighten  the  crankpin  locknut 
and  restart  the  pump.  Check  the  time  required 
to  empty  the  tank  and  reset  the  pump  stroke  if 
necessary. 
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A  vacuum  drag  ipjection  line,  used  when  the  , 
proportic^er  pump  fails,  runs  from  the  mixing, 
tank  to  a  point  downstream  (vacuum  side)  of 
the  feed  control  valve.  A  needie  valve  in  the  line 
allows  the  operator  to  make  relatively  fine 
"^ustmentsjn  the  amount  of  solution  allowed 
to  flow  intd  the  evaporator.  ^  f  ^  ^ 

*  ,  V' 

For  submerged  tube  and  basket-ty|J^  ■ 
tUling  plants,  Pl>8  should  be  injected  into  the . 
evajw^ator  feed  system  at  a  n^e  not  to  exceed  1 
pound  per  10,000  gallons  per  dSy  distilling  plant 
output.  This  jate  of  injection  is  required  during 
.  the  entire  time  the  plant  is  in  operatidb^  A 
4,0CK)-gpd  plant  requites  4/10  of  a  pound  for  a 
24-hour  period.  Two  12,000-gpd  plants  require 
'  the  samfr  quantity  as  a  24,000-gpd  plant,  or  2.4 
pounds  per  day. 

The  injection  rate  of  1  pound  per  10,000 
gallons  , per  day  is  a  maximum  figure;  the  iitiost 
effective  figure  will  probably  be  clpser  to  3/4 
pound.  To  find  the  best  figure,  reduce  the  ^ 

fiount  of  PI>8  for  each  batch-  Each  mixture 
bul^  he  tried  for  a  week  and  if  no  scate  is 
found  on  the  evaporator  tubes  the  amoimt  of 
PD-8  can  be  reduced  further.  If  scale  forms 
during  this  trial,  it  will  gradually  crack  off  when 
the  proper  injection  rate  is  established.  T^t 
brine  overboard  density  should  always*  remain  ftt 
1.^  thirty-seconds  as  the  4^nsity  will  influence 
the  effectiveness  of  the  PD-8, 

PD-S  feed  treatment  has  proven  beneficial 
for  units  with  more-  than  two  s^iages.  In  a 
50,000-gpd  Hash  type  distilling  j?Iant,  6.0 
pounds  of  PD-8  should  be  injected  per  24-hour 
period. 

The  effectiveness  of  the  PD-8  treatment  can 
be  checked  by  observing  the  ^ell  temperature  in 
the  feedwater  heater.  Changes  in  me  shell 
temperaUire,  with  the  same  rate .  of  feedwater' 
flow,  inmcate  changes  in  the  resistar\ce  in  the 
heat  path  between  the  steam  and  th^eedwater. 
Increases  in  the  shell  temperature  indicate  a 
buildup  of  either  scale  pv  PD-8  sludge;  the  cause 
can  be  determined  by  inspecting  the  feedwater 
heater.  *  * 

In  accordance  with,-  Plannrtk Maintenance 
System,  the  mixing  tank  shoul^l  b^  drained  to 


^the  hilge|  and  flushed  out  with  freshwater 
weekly  or  more  often  if  necessary,  to  prevent 
sludge  from  accumulating  in  ^he  tank. 

# 

Scale  Removal  ^ 

As  previously  stated  in  this  chapter,  the 
evaporator  tubes  of  a  Subm^rg^  tubq  type  unit 
MUST  be  cleaned  when  the  first-effect  tube-nest  ' 
vacuum  approaches  zero.  The  vertical -basket  ^ 
type'^unit  should  be  cleano|^  when  steam  pressure' 
of  4  psig  or  more  is  required  in  the  first-^fffct 
steam  chest  to  produce  rated  capacity.  The 
flash-ty^e  unit  will  require  cleaning  when  steam 
pressure  9^4  plig  is  required  in  tlje  evaporator 
feedwater  heater.  Assuming  tliese  re<^uctions  in 
capacity  are  due  to  scale  and  not  the  results  of  . 
improper    operation,    an    approved  cleaning 

Sethod  should  be  used  to  remove  the  scale.  The » 
Uowing   are   some  of  the  approved  scale 
removal  methods, 

CHILL  SHOCKING.-The  first-efffet  tube 
nest,  in  which  the  temperature  of  the  tube  nest 
is  near  that  of  the  steam  supply,,  tends  to  scale 
up  more  quickly  than  other  parts  of  th«  plant. 
To  combat  this  scale,  some  method  of  CHILL 
SHOCKING  (COLD  SHOCKING)' the  tubes  is. 
g(^ierally  provided.  This  is  don'e  l^y  drainin^/t|ie 
brine  from  all  shells,  then  reflooding  them  by 
ineans  of  a  hose  line  connected  to  a  flushing 
pipe  or  nooding  connection  on  the  shell,  Tliis 
reflooding  chills  the'  tube-nest  bundled.  Steam  fs 
then'  quickly  admitted  into  tlie  tubes,  causing 
differential  expansion  and  contraction  which 
.breaks  the  scale  loose  from  the  tubes. 

If  a  feed  treatment  is  not  used,  the  distilling^  • 
plant  should  be  chilT shocked  ilaily.  If  thoiNavy 
standard  feed  treatment,  is  used,  daily  chill 
shocking   may  be  desirable;  however,  longer 
Jnter^ais  are  satisfactory. 

Chill  shocking  a  subr^erged-tube  evaporator 
is  done  as  follows: 

1.  Secure  the  steam  supply  to  the 
fir^t-effect  tube  nest,  the  tube-nest  drain  pump 
and  its  discharge  valve,  the  distillate  pump,  and 
the  iresliwater  pump*; 


ERIC 


383 


J  J 


2.  Open  the  emergency  circulating  water 
overboard  valve  at  the  outlet  from  the  air  ejector 
condenser,  and  secure  the  tlrst-effect  feed  valve. 

^.  Open  wide  all  interstage  feed  valves.  In 
plants  that  have  shell  drain  pr  pump-out  lines 
connected  to  the  brine  pump  suction  unlock  and 
open  widt^  the  valves  in  these  lines. 

^  4.  Piimp  out  the  brine  from  ail  evaporator 
sliells.  ♦  V 

•  '  5.  Connect  a  hos^ine  to  the  flushing  pipe 
or  tlootling  connection. 

•  6.  Open  the  hose  (water  supply)  valve  to 
spray  or"  flood  the  evaporator  shells  until  the 
tubes  in  all  evaporator  shells  are  fully 
submerged. 

7.  Secure  the  hose  valve  aiid  again  pump 
out  all  evaporator  shells.  ^ 

8.  Flood  all  shells  again  until  the  tube^  in 
all  shtjils  are  submerged.  Tliis  second  flooding  is 
.to  lov/er  the  tube  bundle  temperature  as  much 
as  possible.  When  the  tubes  are  fully  submerged, 
secure  the  hose  valve  and  open  quickly  the 
steam  supply  valve  to  the  fi^t-effect  tube  nest, 
TJie  flow  of  steam  wilhbe  restricted  somewiiat 
by  ^the  orifice,  if  installed,  and  shdjild  _bc 
increased  by  loading  the  weight-loaded 
regulatiijg  valve  to  produce  not  moik  than  10 
psig  firessurc  above  the  orifice.  After  the  plant 
has  waroicd  up,  cut  the  pressure  back  to  normal. 

9.  Start  tht  pumps  and  regulate  the  water 
levels  as  necessary  to  put  the  plant  in  steady 
operation, 

10.  If  the  plant  is  one  of  the  earlier 
installations  that  has  chill  shocking  and  spraying 
water  supply  from  the  fire  and  flushing  main, 
disconnect  the  hose  line  from  the  flooding  or 
flushing  Ci)nnection  to.  protect  the  evaporator 
shells  from  possiMe  excessive  pressure.  Such 
installations  should  be  dian'ged  to  use  the 
distilling  condenser  circulating  water  pump 
discharge  at  the  earliest  opportunity. 

Flandholc  plates  are  provided  on  the  bottom 
of  the  evaporator  shells  for  the  renfoval  of  scale 
which  has  flushed  off  thc^tubcsv^ 

Ml-CHANK'Al.  (  IJ'ANINC;:  T^s  type  of 
cleaning  should  he  us^d  only  as  a  last 
resort  vhcmical  cfean  first.  The  capacity  of  a 
distiUing  plant  js  not  appa^tiably  induced  bv 
scale  dcposifs  on  Ihe  evaporator  tubes  until  the 


deposits  have  cails^  the  first-effect  vacuum  to 
be  reduced  to  ror\2  inches  of  mercur>''^|^en 
scale  deposits  cause\the  vacuum  to  approach 
zero,  the  tubes  MUST  be  cleaned  to  keep  the 
plant  operating  at  its  maximum  efficiency.  When 
tKe  plant  is  properly  operated  and  the  feedwater 
is  treated,  the' interval  between  cleanings  sliould 
be  6  months  or  longer.  The  evaporator  tube  riest 
must  be'N^ihdrawn  from  tlie  shell  for  cleaning,^ 
Ufting^g5^suitable-.to  the  type  of  installation  is 
usually  provided  for  removing  the  tube  nest. 

Submerged  Tube  Type. -Some  evaporators 
or  distjjKhg  plants  have  an  overhead  trolley  from 
which  mfe  tube  ^nest  may  be  suspended  for 
cleaning.  Another^  type  has  tracks  and  roller 
brackets  which  bolt  to  the  front  head  of  the 
tube  nest.  Chain  falls  can  be  used  to  handle;  the 
tube  nest  in  small  installations. 

When  the  tube  nest  is  withdrawn  beyond  the 
support  pfate,  tlie  tube-nest  stop  should  be 
bolted  in  place  to  prevent  accidental'dropping  of 
the  rea^  head-  The  tubes  are  cleaned  with  a  light 
scalfng  tool  operated  by  a  light  air  hammer.  It 
should  "be  ^held  against,  the  tulle  with  moderate 
pressure,  and  moved  over  the  entire  length  of 
_the  tube.  Hvery  tube  in  the'  nest  must  be 
deaned,  as  missing  one  will  impair ^e  output  of 
the  plant  and -also  make  cleaning  Tn ore  difficult 
in  the  future. 

NHVHR  use  a  iordi  for  descaling  a  tube  nest 
made  up  of  straight  tubes.  The  expansion  and 
contraction  caused  by  th«  heat  may  cause*  the 
tubes  to  loosen  at  their  joints. 

After  cleaning  the  tubes,  apply  a  hydrostatic 
test  of '50  psi' to  the  bundle  before  replaciVig  it 
within  thi?  shell. 

When  the  evaporator  tube^  are  pulled  for 
rteaning^whe  distillate  Condenser,-  ^rf  ejector 
condenser,  and  the  vapor  feed  heaters  should  be 
inspected  and  cleaned,  if  necessary.  Under  some 
.operating  conditions,  scale  /,deposits  may 
^accumulate  in  these,  tubes,  partfcularly  m  the  air 
ejector  condenser  and  the  tlrst-effect  feed 
heater. 

T^he  .distillate  condenser  on  Soloshcll  plants 
must  be  removed  for.  inspection  and  .cleaning. 
On  other  types  of  plants  the  distillate  condL-nscp 
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can  be  ifiKpected  and .dea^4[bx  remo^ng  tffe 
heads- at  both  ends,  fhe  s^^'^S^^wtttt,^^ 
;ton  all  piaats  can*  be. cloned  by  xemoving  bath 
h^adsV  The  '  vap©r  feed  heater  .  tubes  on 
^ractiofclJy  ill  dfisighs  must  b<i^femoved  ^foF 
cieaiiiiig.  /    ^  •  ;/ 

^The^e  tube  nests*  are  gleaned  by.  means  ot  afl  " 
extendedf  -shank  drill,  driven  by^  a  reversible  • 
motar  at  250  or  300  rpin,  or  by  standard 
tub^-cjeaning  equipment  alapted  tor  use  with 
5/8-inch  outside  diameter  condenser  tubes.' 

Flash-Type,  in  the  flash-type  distilling 
plant,  scale  formation  is  reduced  to  ^minimum 
because^  the  feed  is  heated  undet. pressure,  which 
prevents  boiling,  and. vapor  is  fonned  by  free 
flashing  under  vacuum.  The  he^t  exchanger 
tubes  require  periodic  cleaning.  The  tube  sheet 
outer  surfaces  and  tube  interiors  of  the  distilling 
condensers,  air  ejector  condensers,  evaporator 
feed  water  heater,  and  --Uistillate  cooler  are 
acce&iible  when  the  JVont  and  rear  water  bo^^e? 
are  removed.  An  electric  or  air-driven  cleaning 
tiDot  may  then  be  pushed  through  the  tubes  to  ^ 
re^hQve  stale  deposits,  . 

^HKMrCAL    CLEANING, -Chemical 
cleaning    has    proven    to  faster,  more 

economical,  more  effective,  ancties^^  detrimental 
to  evaporator  parts  than  mechanical  cleaningj-{Tr\ 
chemical    cleaning,    a    heated,    diluted  acid 
solution   is   circulated    through   the  saltwater 
circuits  of  the  system.  The  two  acids  most 
commonly  used  arc  hydrochloric  and  sulfamic. 
In  Using  these  acids  whrch  may  &e  harmful,  to  . 
personnel.    OBSERVE    THK  SAFETY 
PRHCAUnONS     AND     FOLLOW  THE-- 
PROCF.DURES    LISTED    in    chapter^  531 
(^580-11 )  pf  /V/1  VSli/PS^  Tcchnical'Manual.  ^ 

Hi^ochloric  acid  comes  in  liqyi^i  form  and 
presents  hazards  in  handling  and  storlngi  The  use 
of  hydrochloric  acid  is  ;Juthorized  ONLY  when 
properly  supervised  by  (jualified  naval  shipyard 
personneK  NEVf:R  by  ship's  force  alone. 

« 

Sulfamic  acid  comes  in  .powdered*  form  and 
is  safe  for  storage  aboard  ship,  when  storc*d  in 
the  original  containers:  Ihe  use  of  sulfamic  acid 
Is  authorized  under  the  supervision  of  qualified 


tender  5r  ji aval  ^shipyard  personneL^  A't  the 
discnetiail  of^type  comman^sirsrindividua>  Shtps 
ma^  be  authorized  to  Carry  sulfamic  ajad,  and 
cleafiijtg'  /may^  be.*  performed  .by  qualified" 
pei:somieI -fn  the ^  ship's  cr^w.^CTeaning  can  be^^ 
-accomplished  -  bV  passing  50-galk)"d  slugs ;  of 
solution  through -the  feed  and  ^  i)rine  systems  . 
while 'the  plant  is  in  operatioh^  A,spiution' 
containing  l  (y)  gallons  of  seawatef  or  freshwater 
and  $0  pQiinds  of  sulfamic  acid  powder  can  be 
injected  into  the  di|tiiling  plant  in  two  ways:  by 
takirtg  feed  pump,  suction  thrpugh  *  hose^valve 
assembly'  directly  frbm-^  a  container  tof  acid 
solution  or  by  using  the  plant  vacuum  to  draw  in 
the  solutioii.  Regardless  of  the  method  of 
injection  usied,  the  solution  shoyl^  be  injected  as 
rapidly  as  possible.  The  iHStillihg  jilant  should 
remain  in  operation  So  the^  solutioh  will  be 
^  heated  as  it  passes  through.  The  plan^may  be 
unbalanced  by  inter^-uptions  in  flow  but  will 
settle  db^n  quickly  when  the  feedwater  fl9w  is 
again  c^h^tant,^  ,  .  • 

•  .  Careless  handling  of  the  acid  solution  can 
result  in  injury  to  personnel  and  equipment.  The 
chemicals  are  harmful  to  the  eyes  and  skin.  If 
possible  the  chemicals  should  be  handled  by 
mechanical  means  rather  than  manually;' 
protective' clothing  slioyld  be  v^;orn  at -all  times 
during  cleaning  operations. . 


Chapter  5^ r  TOSO-II)  of  NAV^HIPS' 
Tedmical  Mciriual  has  a  conjplete  list  of  safety 
precautions  and  ptocedures.  which  must  be 
carefully  followed  when  /Chemically  cleaning 
distilling  plant  tubes. 

TESTING  FOR 
SALTWATER  LEAKS 

If  a  leak  is  detected  in  a  heat  exchanger,  the 
defective  tube(s)  should  t?e  located  by  an  air  test 
or  a  hydrostatic  test,  irt  accordance  with  the 
recommended  procedure  in  ttie  manufacturer's 
instructions.  Bluljprints  should  also  be  used  to^ 
study  the  construction  details  of  the  individual 
heat  Qxchcinger, 

"  .   ♦  ' 

As  soon  as  a  leaky  tube  has  been  located,  it 
should    be    plugged    at    both    ends.  Special 


■.HNGtNEMAN  3  &  V 


ctwnposition  plugs,  which  are  prpvided  in  the 
Ji^lowVic«  of  repair  parts,  should  be. used."         •  J 
f      Since  plligging  the  tubes  reduces  th&  amount' 
of  :ljeafirig  surface,  the4ieat  dxch*igt?r  will  fail  to 
give  satisfjffctdry^erfp^mahce  after  a  nuinbel-xof 


tube-  nests,  t^istillktq  condensers  on  SoIosM, 
en«i-pull  plants),  tlie  bundle  must  be  withdrawn 
'  -diyi  a  hydrostatic  test  at  full  pressure  tsO  ^3si) 
n\u}t  b«  applied  on  the  tube  side. 

If  a;  leak  occurs  in  a^NQNRHMOVABLE 


tubes  iiave  ,i?een'^piUgged.  It  ^ilUhcn  bepoJl^e •  TUBE  BUNDLE  (distillat"e^'-e^oIe^ 'i^  eject^^^ 


necessary  to  .retube  the  h^^t,  exchanger.  Under 
ntirrrial  conditions,  this  ,  work  sliould  ;  he, 
acconff^lished  -by  a  naval  shipyard  or 'tender. 
However,  repair  parts  anjt^>-  niynber  of -special' 
tools  are  int-luded  in  thfc  ShifiV  Allowance  List- 
*so  that  emergency  repairs  can  be  made  to  the 
htja<  exchartgers  and  to  other  parts  of  the 
distilling  plant,   .      '  .  . 

To  find  whicll  tube  -^'ithin  a  REMOVABLE 
TUBE  BUNDLE  is  leaking,  it  is  necessary  to  test 
the  individual  bundles  hydrostatically.  If  the' 
leak  is  in  a  removable  bi*\4lB' (vapor  feed  heaters 
when  within  an  evaporator .  shell,  evaponrtor 


co'ndenser,-extemal  vapor  feed, heaters^,  the  tube 
nest  coWs  must  be  rem'oved,  Und  the  fiSll  test 
p.i^&sure  (50  psi)  must  be*app^ed  on  the 'shell 
side  of  the  unit!^ 


If  .a    nonren)ova!51e  ■  distillate  condenser 
buh41e  is  wit^i'in  an  evaporator  shell,  the  tube 
nest  covers  must  ^e  removed-  and  a  full  test 
-pressure  of  3D  psi  should  be  applied  to  the 
evaporator  shell. 

If  the  distillate  condenser  is  fitted*  <vith  a 
diaphragm -tube  (Goubert)  expansion  joint;  a 
test  ring  will  be  required  to  replace  the  tube  nest  ^ 
oo.ver  for  testing. 
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Figurt  17-3.— Schcmatk^diAgram  of  Soioshtll  doubt«-«ff«ct  dittillinil  i^it. 
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CHAPTER  18 


REFRIGERATION 


As  an  Engineman»\^^ou  must  have  a 
knowledge  of  refrigerationlkid  air  conditioning 
systems.  From  practical  exjlerience,  ypu  Vill 
learn  how  to  start,  operate,  stand  watch  on,  and 
secure^hese  systems.  To  do  your  job  properly, 
you  must  have  a  thorough  understanding  of  the 
operating  principles  of  refrigeration  systems- 
'  You  can  attain  tliis  understanding  through 
study.  ^  ^ 

The  refrigeration  systems  mc^t  commonly 
used  by  the  Navy  use  R-1 2  as  a  refri^rant 
Chemically,  R-I2  is  dichloroditluoromethane 
(CCI^F^ ).  R-1 2  has  suth  a  low  bofling  point  t)iat 
it  cannot  exist  as  a  liquid  unless  it  is  confined  in 
a  container  designed  for  pressure.  R-12  also  htis 
several  advantages;  it  is  practically  nontoxic, 
nonflammabie,  nonexplosive,  and  noncorrosive 
and  does  not  poison  or  contaminate  foods.  The 
information  in  ,  this  chapter  is  primarily 
concerned  with  R-12  systems.  Howwer,  the 
cycle  of  operation  and  the  main  components  of 
R-12  systems  are  basically  the  same  for  otlier 
refrigeration  and  air  conditioning  plants, 


FUNDAMENTALS  OF 
REFRIGERATION 

Refrigeration  is  a  ^nerai^  term  that  describes, 
the  process  of  removing  heat  from  spaces, 
objects,  or  materials  and  maintaining  them  at 
temperatures  below  the  temperature  of  the 
surrounding  atmosphere.  To  produce  a 
refrigeration  effect,  the  material  to  be  cooled 
needs  only  to  be  exposed  to  a^older  ob^ct  or 
environment;  the  heat  will  flow  in  its. 
NATURAL  direction -that  is,  from  the  warmer 
material  to  the  colder  material-  Refrigeration, 


'then,  usually  means  an  artificial  way  of  lowering 
the  temperature.  Mechanical  refrigeration  is  a 
mechanical  system  or  apparatus  so  design ed/and 
constructed  .that,  through  its  function,  heat  is 
tranrferred  from  one  substance  to  another. 

You  will^  more  readily  understand 
refrigeration  if  you  know  the  relationships 
among  temperature,  pressure,  and  volume,  and 
how  pressure  affects  liquids  and  gases. 


HEAT 


< 


The  purpose  of  refrigeration  is  to  maintain 
spaces  at  low  temperatures.  Remember, 
however,  that  you  cannot  cool  anything  by 
adding  coolness  ta  it;  ypu  have  to  REMOVE 
HEAT  from  it.  Refrigeration,  therefore,  is  a 
process  of  cooling  by  removing  heat 

Heat  and  Temperature 

f  It  is  important  to  distinguish  between  heat 
and  temperature.  HEAT  is  a.  form  of  energy. 
TEMPERATURE  is  the  intensity  of  heat.  The 
quantity  or  amount  of  heat  energy  in  a 
substance  is  measured  in  BRITISH  THERMAL 
UNITS  (Btu).  Tlie  Btu  is  the  amount  of  heat 
required  to  raise  the  temperature  of  I  pound  of 
pure  water  1°F.  Temperature,  as  you  know,  is 
measured  in  degrees  which  indicate  the,  intensity 
of  the  heat  in  a  given  substance;  it  does  not 
indicate  the  number  of  Btu's  in  the  substance. 
For  example,  let's  consider  a  spoonful  of  very 
hot  water  and  a  bucketful  of  warm  water.  Which 
has  the  higher  tempjerature?  Which  has  more 
heat?  The  heat  in  the  spoonful  of  hot  water  is 
more  intense;  therefore,  its  temperature  is 
higher.  The  bucketful  of  warm  water  has  more 


387 


402 


■  ( 


ENGINEMAn'^3^Sl"2 


Btu  (more  heat  energy),  but  its  heat  is  less  placed  near  each  x^ther,  heat  will  flow  from  the 
intense. 


warmer  6bject  to 
objects  are  at  the 


Sensible^Heal  and  Latent  Hegt 


must 


In  the  study  of  refrigeto-tion,  you 
distinguish  between  sensible  heat  iijid  latent 
heat.  Se^isible-heat  is  the  heat  absorbed  or  given 
off  by  a  substance  that  is  NOT  in  the  process  of 
changing  its  physical  state /When  a^siibstanc^  is 
not  in  the  process  of  changing  its  state,  the 
adoition  or  removal  of  heat,  al Ways* causes  a 
cliange  in  the  tiknperature  of  the  substance. 
Sensible  heat-can  be  sensed,  or  measured' with  a 
thermometer. 

Latent  heat  is  the.heat  absorbeci  or  given  off 
•  by  a  substance  while  it  is  changing  its  physical 
.  state.  W!ien  a  substance  is  in:«process  of  changing 
its  physicjil  state,  the  heat  absorbed  or  given  off 
does  ^^OT  cause  a  temperature  change  in  the 
substance --the  heat  is  latent  or  hi  (Idem  In  other 
words,  sensible  heat  is  the  heat  that  affects  the 
temperature  of  things; 'latent  heat  is  the  heat 
that  affects  the  physical  state  of  things.  You  will 
find  more  information  on  sensible  heat  and 
latent  he^t  in  chapter  3  of  Fireman, 
NAVEDTRA  10520. 

Specific  Heat 

Substances  vary  with  respect  to  their  ability 
■  to  absorb  or  lose  heat.  The  ability  of  a  substance 
to'  absorb  heat  or  to  lose  it  i«i  known  as  the 
'  specific  heat  of  the  substai>ce.  The  specific  heat 
'  of  water  is  1.0  (I  Btu/lbrp),  and  the  specific 
heat  of  each  other  substance  is  measured  by 
.  comparison  with  this- standard.  Thus,  if  it  takes 
only  1/2  Btu  to  raise  the  temperature  of  1 
^unfl  of  a  substance  1°F,  the  specific  heat  of 
that  substance  is  0.5,  or  one-half  the  specific 
heat  of  water.  If  you  look  up  the  specific  heat  of 
ice    in    a    table,    you   will   find   it  .  to  be 
approximately  0.5.      •  , 

Heat  Flow 

/ 

Heat  flows  only  from  objects  of  higlier 
temperature  to  ot>jects  of  lower  temperature.. 
When  two  objects  at  c^fferent  temperatures  are 


the  cooler  , one  until* both 
sanje  temperaiure.  Heat  ftow- 
takes  place  at  a  greater  rate  when  there  is  a  large 
tempterature  difference  |han  when  there  is  only  a 
slight  temperature  difference.  As  the 
temperature  difCerence  approaches  zerci^^trfate 
of  heat  flow  also  approaches  zero.  Heat  flow 
may  take  place  by  radiation,  by  conduction,  by 
convection,  or  ^  some  combination  of  these 
methods,. 


Refrigeration  Top 


The  unit  of  measure  for  the  amount  of  heat 
Removed  is  known  as  the  refrigeration  ton.  The 
capacity  of  a  refrigeration  unit  is  usually  stated 
in  refrigeration  tons.  Tl^e  refrigeration  ton  is 
based  on  the  cooling  effebt  of  1  ton  (2,000 
pounds)  of  ice  at  32''F:melting  in  24  hours.  Tlie 
latent  heat  of  fusion  of  ice  (or  water)  is  144  Btu. 
Therefore,  the  number  of  Btu's  required  to  rnelt 
1  ton  of  ice  is  144  X  2;000>  288,000.  The 
standard  refrigeration  ton  is  defined  as  the 
transfer  of  288,000  Btu  in  24  hours.  On  an 
houriy  bsfas,  the  refrigeration  ton  is  12,000  Btu 
per  hour  (288,000  is  divided  by  24). 

The  refrigeration  ton  is  the  standard  unit  Df 
measure  used  to  designate  tlie  heat-removal 
capacity  of  a  refrigeration  unit.  It  is  not  a 
measure  of  the  ice-making  capacity  of  a 
machine,  since  the  amount  of  ice  that  can  be 
made  depends  on  the  initial  temperature  of  the 
water  and  other  factors. 

PRESSURE,  TEMPERATURE, 
AND  VOLUME 

As  stated  eariier,  it  is  important  that  you 
understand  some  of  tlie  ways  pressure  affects 
liquids  and  gases,  and  some  of  the  relationships 
between'  pressure,  temperature,  and  vdlume  in 
gases! 

Tlie  boiling  point  of  any'  liquid  varies 
according  to  the  pressure  on  the  liquid  -the 
higlier  the  pressure,  the  higher  the  boiling  point. 
It  is  well  to  remember  that  condensing  a  gas  to  a 
liquid  is  just  the  reverse  process  of  boiling  a 
liquid  until  it  vaporizel  and  that  the  same 
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pressure  and  temperature  relationship  is  required 
to  produce  either  change  of  state. 

•Water  boils  at  80° F  under  a  vacuum  of  29 
inches  of  mercury  and  at  489° F  at  a  presjjure  of 
600  psig.  Refrigerants  used  in  vapor  compressor 
cycle  et}uipment  usually  have  much  lower 
boiling  {x>ints  than  water,  under  any  given 
pressures  but  'these  boiling  points  also  vary 
according  to  pressure.  R-12,  for  example,  boils 
at  -21  °F  at  atmospheric  pressure;  at  0°F  at  9.17 
psig;  at  50^F  at^  46,69  psig;  and  at  100°Fi|^ 
1 1  6.9  psig.  From  these  figures^  you  can  see  thlt 
R-li  •  cannot  ,  exist  as  a  liquid  at  ordinary 
temperatures  unless  it  is  confined  in  a  container 
to  maintain  its  owa  pressure. 

•  If  the  temperature  of  a  liquid  is  raised  to  the 
boiling  point  corresponding  to  its  pressure  and  if 
application  of  heat  continued,  the  liquid 
begins  to  boil  and  vaporize.  The  vapor  tiiat  is 
formed  remains  at  the  same  temperature  as  the 
boiling  liquid,. as  long  as  it  is  in  contact  with  the 
liquid.  A  vajx^r  CANNOT  be  superheated  as  long 
as  it  is  in  contac^with  the  liquid  from  which  it  is 
being  generated. 

The  press ure-te  ni  perature-volume 
relationships  of  gases  are  expressed  by  Boyle's 
law,  Qiarles'  law,  and  the  general -v gas  law  or 
equation. 


BOYLF'S  LAW  states  that  tli|<volume  of 

any  dry  gas  varies  inversely  with  i^T^absoIute 
pressure,  provided  the  temperature  remains 
constant.  This  law  may  also  be  expressed  as 


2*2 


where  V,Us  the  original  volume  of  the  gas,  P\  its 
original  absolute  pressure,  V2  its  new  volqme, 
aiui  P2  its  new  absolute  pressure. 

CHARLFS'  LAW  states  that  the  volume/ of  a 
gas  is  directly  proportional  to  its  absolute 
temperature,  provided'  the  pressure  is  «^pt 
constant.  The  equation  for  this  law  is 

V1T2  -  V^T, 

THF  GFNKRAL  GAS  FQUATION 
combines  Boyle's  law  and  Charles'  law,  and 


expresses  the  interrelationship  of  the  volume,^ 
the    absolute    pressure,    and    the  absolute 
temperature  of  gases.  Tlie  general  gas  law  is 
expressed  by 


These  equations  indicate  the  nature  of  the 
interrelationship  of  the  pressure,  the  volume, 
and  the  temperature  of  any  gas.  You  probably 
will  not  find  it  necessary  to  use  the  equations 
themselves,  but  you  should  have  a  thorough 
understanding  of  the  principles "  wjhich  they 
express.  Let's  summarize  them: 

1.  When  temperature  is  held  constant, 
•increasing   the  pressure  on  a  gas  causes  a 

ph)portional  decrease  in  volume;  decreasing  the 
pressure  causes  a  proportional  increase  in 
volume- 

2.  When  pressure  is  held  constant, 
increasing  the  terriperature  of  a  gas  causes  a 
propi)rtional  increase  in  volume;  decreasing  the 
temperature  causes  a  j?roportit>nal  decrease  in 
volume.  / 

r3.  When  the  volume  is  held  constant, 
increasing  the  temperature  of  a  gas  causes  a 
proportional  increase  in  pressure;  decreasing  the 
temperature  causes  a  proportional  decrease'  in 

pressure. 

In  this  discussion  of  the  effects  of  pressure 
on  a  gas,  we  have  pointed  out  that  the  volume 
and  tho  temperature  of  gas  are  different  AFTER 
the  pressure  has  been  changed.  It  is  important  to 
note,  however,  that  a  temperature  change 
normaUy  occurs  in  a  gas  WHILE  the  pressure  is 
being  changed.  Compressing  a  gas  raises  its 
temperature;  allowing  a  gas  to  expand  lowers  its 
temperature.  As  you  will  see,  this  fact  is  of 
importance  in  the  refrigeration  cycle. 


MECHANICAL 
lFRIGERATION  SYSTEMS  ' 

^  Various  types  of  refrigerating  systems  are 
used  for-naval  shipboard  refrigeration  ancf^air 
conditioning.  The 'one  most  generally  employed 
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fof  refrigeration  purposes  is  thc^  vapor 
compression  cycle  with  reciprocating 
compressors.  Vapor  compression  cycle 
refrigerating  systems  w^lth  centrifugal 
compressors  (described  in  'chapter  19).  arr 
oftentimes  used  for  air  conditioning.  Ccntrifugsil 
^  units  are  generally  used  to  cool  a  secondary 
refrigerant  such  as  brine  or  cargo  refrigeration 
55.    and  freshwater  for  air  conditioning  application.  • 

'"^        The    vapor    compression- '  cycfe  with 
reciprocating  compressors  using^R-1 2  is  used  for 
most  naval  refrigerating  plants.  Figure  18^  gives 
a  general  idea  of  tliis  type  refrigeration  i^cle. 
you  siudy  this  system,  try  to^nderstari^  what ^ 
"  happens  to  the  refrigerant  as  it  passes  tnroij^ 
each  part  of  the  cycle.  In  particular, ^e  sure  that  ^ 
v^ou  understand   why  the  refrigerant  changes 
.,4rom  liquid  to  vapor  and  from  vapor  to  liquid, 
and  what  hiippens  in  terms  of  heat  because  of 
tliesc  changes  of  state.  It  will  beiielpful  to  trace 
the   jefrigerant    through    its    entire  cycle, 
beginning  with  the  thermostatic  expansiou  valve. 

Liquid  refrigerant  enters  the  expansion  valve 
from  the  lugli-|Vessurc  side  of  the  system  and 
passes  through  an  orifice,  which  reduces  the 
pressure:  of  the  refrigerant.^ Due  to  the  reduction 
in  pa^ssure,  the  liquid  refrigerant  begins  to 'boil 
and  to  flash  into  vapor. 

From  the  thennostatic  expansion  valve,  the 
refrigerant  passes  into  the  cooling  coil  (or 
evaporator).  Tlic  boiling  point  of  the  refrigerant 
under  the  low  pressure  in  the  evaporator  is 
about  20° F  lower  than  the  temperature  of  the 
space  ih  which  the  cooling  coil  is  installed.  As 
•  the  liquid  boils  and  vaporizes,  it  picks  up  its 
latent  heat  of  vaporization  from  the 
surroundings,  thereby  removing  heat  from  the 
space.  The  refrigerant  continues  to  absorb  latent 
heat  of  vaporization  until  ati  the  liquid  has  been 
vaporized.  By  the  time  the  refrigerant  is  ready  to 
leave  the  cooling  coil,  it  has  not  only  absorbed 
this  latent  heat  of  vaporization,  but  has  also 
picked  up  some  additional  heat  that  is,  the 
vapor  has  become  superheated*.^  As  a  rule,  the 
amount  of  superheat  is4''  to  1  2"^!-. 

The  refrigerant  leaves  the  evaporator  as 
low-pressure  superheated  vapor,  having  absorbed 


heat  and  thus  cooled  the  space  to  the  desired- 
temperature,.  The  remainder  of  the  cycle  is^ 
concerned   with   disposing  of  this  heat  and 
converting  the  refrigerant  back  into  a  liquid 
state  so  that  i^  can  again  Vaporize  in  the 
evaporator  and  thus  again  absorb  the  heat. 

The  low-pressure  superheated  vapot  is  drawn 
out  of  the  evaporator  by  the  compressor,  whicl^  * 
also  keeps  the  refrigerant  circulating  through  the 
system.  In  the  comfJressor  cylinders,  the 
refrigerant  is  comjpo'essed  from  a  low-pressure, 
low-temperature  vapor  to  a  high-pressure  vapor, 
and  its  temperature  rises  accordingly. 

The  liigh-pressure  R-12  vapor  is  discharged 
from-  tlie  compressor  into  the  condenser.  Here 
the  refrigerant  condenses,  giving  up  its  superheat 
(sensible  heat)  and  its  latent  heat  of 
condensation  to  the  ambient  air  in  an  air-<:ooled 
condenser  or  the  cooling  water  in  a  water-cooled 
condenser.  The  refrigerant,;  still  at  high  pressure, 
is  now  a  liquid  again. 

From  the  condenser,  the  refrigerant  fiows 
into  a  receiver  which  serves  as  a  storage  place  for 
the  liquid  refrigerant  in  the  system.  From  the 
receiver,  the  refrigerant  goes  to  the/tlihrmostatic 
expansion  valve,  and  the  cycle  begins  again. 

This  type  of  refrigeration  system  has  two 
pressure    sides.    The    LOW-PRFSSURE  SIDl^--^ 
extends  from,  the  oritlce  of  the  thermostatic 
expansion  valve  up  to  and  including  the -intake  . 
side    of    the    compressor    cylinders.  The 
niGH-PRFSSURF    SIDF    extends   from  .  tlii?' 
discharge    valve    of    the    compressor    to  the 
thermostatic  expansion  valve.  Figure  18-2  shows 
most  of  the  components  on  the  high-pressure 
side  of  an  R-12  system,  as  actually  installed 
abpard  ship. 

MAIN  PARTS  OF  THE 

R-1 2  SYSTEM  .  ^ 

T]\e  main  parts  of  an  R-1 2  refrigeration 
system  are  shown  diagrammatically  in  figure 
1  8-3,  The  primary  components  of  the  system  are 
the  thermostatic  expansion  valve,  the 
evaporator,  the  compressor,  the  dondenser,  and- 
the  recei^^er.  Additional  equipment  acquired  to 
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LOW-PRESSURE  SIDS 

SUPERHEATED  R-12 
VAPOR  AT  21.5  PSM 
AND+5°F. 


HIGH-PRESSURE  S'iDE 

SUPERHEATED  R-12  ' 
VAPOR  AT  14!  PSiA 
ANDI25°F 


IT 

HEAT 

DISCHARGED 

TO  SEA 

WATER 

MIXTURE  OF  LIQUID 
AND  VAPOR  R~I2  AT 
21.5  PSiA  AND  -5*^ 


SUBCOOLED  LIQUID  R-12 
AT  141  PSIA  AND  100''  F 


THERMOSTATIC 
EXPANSION 
VALVE 


HEAT  FLOW 
— FLOW  OF  REFRIGERANT 
Eir3  LOW-PRESSURE  VAPOR 
■■  HIGH-PRESSURE  VAPOR 
■i  LIQUID  REFRIGERANT 


Figurs  18-1  .-Schematic  rspresentstion  of  R-12  refrig»-ation  cyde. 
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Figure  18-3.-Dta^m  of  an  R-12  refrigeration  system. 
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i^mplete-  the  plant  inciudes  pipin^j,  pressure 
gages,  thermometers,  various  types  of  control 
switches  and  control  valves,  sjtrainers,  relief 
valves,  sight-flow'  indicators,  dehydrators,  and 
charging  connections.  '  •  • 

In  the  following  discussion,  we  will  deal  with 
the  R-12  system  as  though  it  had  only  ,one 
evan^tor,  one  compressor,  and  one  condenser. 
As  can  set:  from  figure  18-3  Jiowever,  a 
refriSsrItion  sjystem  may  (and  usually  does) 
include  more  than  one  evaporator^  and  it  may 
include  additional  compressor  afid  condenser 
Dnits.  N  • 

TheVmosta  tic  Expansion  Valve  ^ 

The  thermosiatic  expansion  valve  i's 
essentially  a  reducing  valve '  between  the 
high-pressure  side  ^nd  the  low-pressure  side  of 
-the'  system.  The  valve  is  designed  to  regulate  the 
rate  at  which  the  refrigerant  enters  the  cooling 
coil  in  proportion  to  the  rate  of  evaporation  of 
the  liquid  refrigerant  in  the  coil;  the  amount 
depends;  of  course,  on  the  amount  of  heat  being 
^  remDVed  froi^i  the  refrigerated  space.  ' 

,  A  thermal  control  bulb  for  the  thermostatic 
expansion  valve  clamped  "to  the  cooling  coil, 
near  the  outlet.  The  bulb  contains  R-i2.  Control 
tubing  connects(the  bulb  with  th^  area  above  the 
diaphragm  in  the  thermostatic  expansion  valve. 
When  the  teni^erature  at  the  coi^trol  bulb  rises, 
the  R-1 2  expands  and  transmits  a^pressure  to  the 
diaphragm;'  this  causes  the  diaphragm  to  be 
moved  downward,  thus  opening  the  valve  and 
allowipg  more  refrigerant  to  enter  the  cooling 
,Wh^. the -temperature  at  ^he  control  bulb 
fa%,  the^ressure  above  the  diaphragm  decreases- 
gnd  the  valve'  tends  to  close.  Thus,  the 
temperature  itSir  tRe  evaporator  outlet  controls 
the  operation  of  the  thermostatic  expahsion 
valve.  "  '  ■  -  -. 


Evaporator 

The  tva'i^orator  consists  of  a  cdil  of -copper, 
aluminum,  or  aluminum  alloy  tubihg^installed  in 
the  i^pace   Xo   he   refrigerated.    Figure  18-4 


illustrates  some  of  this -.Cubing.  As  mentioned 
before,,  the  liquid  ft-12  dnters  the  tubing  at  a 

^  very  much  reduced  pressure  and,  therefore,  with 
a  very.>rnuch  lowered  boiling  point.  In  passing 
through^  the  expansion  valve,  part  of  the 
refr"igera"nT-fei^ls  and  ^  vaporizes,  >iiue  to  the 
reduced  pressiiTti,  and  the  remaining  liquid' 
refrigerant  is  cpoled  to  its  boiUng  point.  Then,  as 
•the  refrigerant  passes  through  the  evaporator, 
'  the  ^  heat  flowing  to  the  coil  from'  the 
surrounding  air  causes  the  rest  of  the  liquid, 
refrigerant  to  boil  *and  vaporize:  After  the 
refrigerant  has  absorbed  its  latent  .heat  of 
vaporization    (that  Js,    afte^  it,  is  .  entirely 

•   vaporized),  the  refrigerant  continues  to  absorb- 
heat    until    it    becomes    superheated  by 
approximately  lO^'p-  the  amount  of  superheat 
is    determined    by    the    arnount    of  liquid 
refrigerant  aditiitted  to  the  evaporator;  and  this, 

^ '  in  turn,  is  controlled  by  the  spring,  adjustment  of 
the  flftermostatic  expansion  valve.' A  temperature 
range  of  4°  to  1 2°F  of  superheat  is  considered 
desirable  because  it  increases  the  efficiency  of  ^ 
the  plant  and  because  it  evaptjrates  all  of  the  " 
liquid,  thus  preventing  liquid  carryover  into  the, 
compressor. 

Compressor 

The  compressor  in  a  refrigeration  system  is 
essentially  a  pump.  It  is  used  to  pump  heat 
"uphill"  froih  the  cold  side  to  th^-^iot  side  pf 
the  system.  i 

•  The  heat  absorbed  by  the  refrigerant  in  the 
evaporator  must  be  renroved  before  the 
refrigerant 'can  again  absorb  latent  heat.  The 
only  way  the  vaporized  refrigerant  can  bj^raade 
to  give  up  the  jatent  heat  of  vaporization  that  it 
absorbed  in  the  evaporator  is  by  cooling  and 
condensing  it.  Because  of  tlie  relatively  high 
temperature  of  the  available  cocking,  medium, 
the  ftily  way  to  make  tlic  vapor  condense  is  by 
first  compressing  it. 

•  The  vapor  drawn  into  flie  compressor  is  at 
very  low  pressure  and  very  low  temperature.  In 
tJie  compressor,  both  ■  the  pressure  and  the 
temperature  are  raised.  Sinctf  an  increase  in 
pressure    causes    a    proportional    rise  in- 


394 


Hi 


Chapj 


er  13-TkEFRIGERATION 


47.93 


Figure  18-4.— Evaporator  tubing. 


temperature  and  since  tke  condensation  point  of 
any  vapor  is  dependent  ontthe  pressure,  raising 
the  pressure  of  ^he  vaporized  refrigerant 
rovides  ^  a  condensation  temperature  high 
nough  to  permit  the  use  of  soawater  as  the 
^onrffensing  and  coolings  medium,  Th^ 
m pressor  raises  the  pressure  of.  the  vaporized 
refrigerant  isuffickntiy  high  to  permit 
condensation  to  take^flace  in  the  condenser- 


In  addition  tq  this  primary  function,  the 
compiig^ssor  also  keeps  the  refrigerant  circulating 
and  maintam's  the  4*equired  pressure  difference 
between  the  high-pressure  side  and  '  the 
low-pressure  s^de  of  the  system. 

Many  different  types  of  comprelSsors' are 
used  in  rcfrigjiration  systems.  The  design's  of 
compressors  vary  depending  on  the  application 
of  the  refrigerants  usedMn  the  system.  Figure. 
1 8^5  shows  a  motor-driven,  single-acting, 
two-cy4inder,  reciprocating  compressor  such  as  is 
cx)mmoniy  used  in  naval  refrigeration  plants.  - 

Compressors  usedjn  R-12  systems  may  be 
lubricated  either  by '  pressure\lubrication  or  by* 
splash  lubrication.  -Splash  lubrication,  which 
depends  on  maintaining  a  fairly^  high  oil. level  in 
the  compressor  fcrankcase/ is  usually  satisfactory 
for  smaller  compressors,  Higfi  speed  or  large 


^  aa^acity  coippressors  use  pressure  lubrication 
systems, 

SHAFT  SEALS.-Where  the  ♦  crankshaft 
ijxtends  through  the  crankcase,  a  leakproof  seal 
must  be  maintained  to  prevent  the  refrigerant 
from  escaping  and  also  to  pre  vent  air  from 
entering  the  crankcase  when  the  pressure  in  the 
crankcasg  'is  lower ^  than  the  surrounding 
atmospheric  pressure^  This  is  accomplished  by 
crankshaft  seal  Wemblies,  There  are*  several 
types  of  seals  siiph  as  the  rotary  seal,  the 
stationary^  bellows,  the  rotating  bellows,  and  the 
diaphragm,  ^ 

^  The  rotary  seal  shown  in  figure  1 8-6  consists 
of  (a  stationary  cover  plate  and  gasket /a  rotating . 
as^iHbly  which^  includes  a  carbon'  ring,  a 
neopreht^  s^,  /a  compression  spring,  and 
compression  washe^S,  The  sealing  points  are  (a) 
betweeJh'the  crankshaft  and  the'  rotating  carbon 
ringfe  and  sealed  by  a  neoprene  ring,  (b)  between* 
the  rotating  carbon  ringi^d  the  cover  plate  and 
sealed  by  lapped  surfaces,  arid  Cc)- between  the 
cover  plate  and  the  crankcase!  and  sealed  by  a 
metallic  gasket.  The  seal  is  adjusted  by  adding  or 
removing  metal  washers  between  the  crankshaft- 
shoulder  and  the  shaft  seal  compression  spring. 

A  stationary  bellows  seal  is  illustrated  in 
figure  18-7,' It  consists  of  a  bellows  clamped  to 
the  compressor  housing  at  one  end  to  form  a 
seal  .against  ii  rotating  shaft  seaf  collar  on  the 
other,  Tfie  sealing  points  are  (a)  between,  the 
crankcase  and.  the  bellows  and  sealed  by  the 
covet  plate  gasket,  (b)  between  Jke  crankshdlft 
)^Qd^  the  shaft  seal  collar  and  sealed  by  a 
ne'oprene  gasket,  and  (c)  between  the  surface  of 
the /bellows  nose  and  the  surfoce  of  the  seal 
collar  and  sealed  by  lapped Nsurfaces.  The 
stationary  bellows  stal  is  factotA^  set  for  proper 
tension  and  ^ould  not  .bealtere^.    ,.  • 

j  The  rdtatiiig  bellows  seals,  .figure  18-8, 
cqrisists  of  a  belfows  clamped  to  kht  crankshaft 
at  one  end  to  form  a"  seal  against  a  stationary^ 
'  removable  sliaft^eal  shoulder  on  the  other  end. 
The  seahng  points  arc  located  (a)  between  the 
crankshaft  and  bellows  and  sealed  by  a  shaft  seal 
clamping  nut,  (b)  between  the  removable  shaft 
seal  shoulder  and  the  crankcase  and  sealed  by  a 
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LEFT  CYLINDER  , 
«.r  ^        .  -  * 

ON  THE  DOWNSTROK£  OF  THE  PiSTON,  THE 
OlSCHAf^GE  VALVE  CLOSES,  AND  THE  PRESSURE  < 
A80VE  THE  PJSTON  AW D  THE  SUCTION  VALVE 
DISCS  DROPS  BELOW  THE  SUCTION  (CRANKCiiSE) 
PRESSURE.  '   '  i 

THE  DEDUCTION  IN  PRESSURE  CAUSES 
THE  SUCTION  VALVES  TO  LIFT  OPEN 
AND  ALLOCS  VAPOR  TO  PASS  INTO  THE 
CYLINDER  ABOVE  THE  PISTON. 


RIGHT  CYLINDER 


«1 


ON  THE  UPSTROKE,  THE  PISTON  COMPRESSES 
THE  VAPOR  WHICH  IN  TURN  CLONES  THE 
SUCTION  VALVES.  THE  PRESSURE  INCREASES  AS 
THE  PISTON  RISES  UN^TlL  IT  EXCEEDS  THE 
'  .        *  CONDENSING  PRESSURE. 

THIS  INCREASE  IN  PRESSURE  OPENS 
.THE  DISCHARGE  VALVES  ALLOWiNG  THE 
COMPRESSED  VAPOR  TO  PASS  INTO  THE 

CONDENSER 


VALVE  LIFTER 
PIN  AND  SPRING 


VALVE  LIFTER 
PIN  AND  SPRING 


Figun  18-5.— RtcjproMting  coinpr«fsof. 
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^  neoprenc  gasket,  and  (c)  between  the  bellows 
nose  piece  and  the  shaft  seal  collar  and  sealed  by 
lapped  surfaces.  This  type  seal  is  also  factory  set. 

The  diaphragm  seal,  figure  18-9,  consists  of  a 
diaphragm  clamped  to  Ihe'^crankcas^  at  its  outer 
circumference  and  to  a  fulcrum  ring  at  its 
center.  The  fulcrum  ring  forms  a  seal  collar 
which  is  locked  tp  the  diaphragm.  The  sealing 
points  are  located  (a)  between  the  outer 
dfcuraference  of  the  diaphragm  md  tlie 
crankcase  and  sealed  by  a  copper  ring  gasket,  (b) 
between'  the    fulcrum    ring    and  the 

ERIC  /-^^ 


diaphragm— sealed  at  the  factory  and  not  to  be 
broken,  (c)  between  the  fulcrum  ring  and  the 
rotating  shaft  seal  collar  and  sealed  by  lapped 
surfaces,  and  (d)  between  the  shaft  seal  collar 
and  tlie  crankshaft  shoulder  and  also  sealed  by 
lapped  surfaces. 

The  tension  in  a  diaphragm  seal  is  adjusted 
by  adding  or  removing  diaphragm-to-crankcase 
gaskets  to  obtain  the  specified  deflection.  For 
information  on  handling,  cleaning,  and 
replacement  of  shaft  seal  assemblies,  consult  the 
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MCTALLIC  -  C0*l*»OS5TaDl« 
GASKET  - 


WsAMpeO  SURFACE 


.COV£«  ^ATi  - 


«ASN£f? 


168.7 


Figure  18-6. --Rotary  saal. 


manufacturer's  technical  manual  or  the 
directions  enclosed  with  the  new  seal: 

CAPACITY  CONTROL  SYSTEM :  -  Most 
compressors  are  equipped  with  an  oil-pressure 


COLLAR  BELL'OWS 


WASHER 


COVER 
PLATE 


NEOPRENE 

SEAL  SPRING 


nitralloy 

COLLAR 


BELLOWS 


i 


CRANKSHAFT 


A  ~n  — — ^-1   ■   'gr'WJ 


NEOPRENE 
SEAL 


SPRING^ 


CLAMPING 


168.9 


Figure  18(8.— Rotating  t^liows  s«aL 


operated  automatic  capacity  control  system 
which  "unloads"  or  cuts  'cylinders  out  of 
operation ,  in  accordance  with  decreases  in  the 
refrigeration  load  requirements  of  the  plant.  A 
cylinder  is  unloaded  by  a  mechanism  that  liolds 
the  suction  valve  open  so  that  no  gas  can  be 
compressed.  *  \ 

Since  oil  pressure  is  required  to  **load''  or 
put  cylinders  into  operation,  the  compressor  will 
start  with  all  controlled  cyhnders  unloaded.  But 
as  soon  as  the  compressor  cpmes  up  to  speed 


GASKETS  < 


7 


DIAPHRAGM 


COLLAR 


GASKE  T' 


8ALL 


FULCRUM  RJNG 


168.8 


Figurt  IS^T.-Statkmaiy  baiiows  iMi. 
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Figurt  18-9.-Diaphragm  type  smL 
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and  full  oil  pressure  is  developed,  all  cylinders 
will  become  operative.  After  the  temperature 
pulldown  period,  the  refrigeration  load  imposed 
on  the  compressor  will  decrease  and  the  capacity 
control  system  will  unload  cylinders 
accordingly.  The  unloading  will  result  in  reduced 
power  consumption.  On  those  applications 
.where  numerous  cooling  coils  are  supplied  by 
one  compressor,  the  capacity  control  system  will 
prevent  the  suction  pressure  from  dropping  to 
tlie  low-pressure  cutout  setting  and,  thereby, 
prevent  stopping  tiii^  compressor  before  all 
solenoid  valves  are  closed.  \ 

Several  different  designs  of  capacity  control 
systems  we  in  use.  One  of  the  most  common 
types  is  shown  in  figure  18-10.  The  capacity 
control  system  consists  of  a  power  element  and 
its  linkage  for  each  controlled  Cylinder,  a  step 
control  hydraulic  relay,  and  a  capacity  control 
valve. 

'Fhe  systems  components  are  -  all  integrally 
'attached  to  the  compressor.  The  suction  or 
crankcase  pressure  of  the  refrigeration  plant  is 
sensed  by  the  capacity  control  valve  to  control 
the  system..  In  other  words,  4  change  in  the 
refrigeration  load  on  the  plant  will  cause,  .a 
change  in  suction  pressure;  this  change  in 
suction  pressure  will  then  cause  tl^e  capacity 
control  system  to  react  according  to  vyhether  the 
suction  pressure  increased  or  decreased.  The 
working  fluid  of  the  system  is  compressor 
oil-pump  pressure.  Compressor-  oil-pump 
pressure  is  metered  into  the  system  through  an 
orifice.  Once  the  oil  passes  the  orifice,  it 
becomes  the  system  control  oil  and  does  worlc. 
Locate  the  following  "components  on  figure 
18-10: 


(A) 
(B) 
(C) 
(D) 
(H) 
(F) 
(G) 
(H) 

(I) 
(J) 


Compressor  oil  pump  pressure  tap-off 

Control  oif  strainer 

Hydraulic  relay 

Hydraulic  rclay  piston 

Unloader  |X)wer  element 

Unloader  power  element  piston 

Lifting  fork 

Unloader  sleeve 

Suction'  valve 

Capacity  control  valve 

Crankcase   (suction)   pressure  sensing 

point 


The  following  functions  take  place  when  the 
compressor  is  started  with  a  warm  load 'on  the 
refrigeration  system. 

Compressor  oil  (A)  is  pumped  through  the 
control  oil  strainer  (B)  into  the  hydraulic  relay 
^  (C)  where  the  oil  fiow  to  the  unloader  power 
elements  is  controlled  in  steps  4)y  the  movement 
of  the  hydraulic  relay  piston  (D),  As  soon  as 
pump  oil  pressure  reaches  a  power  element  (E), 
the  piston  (F)  rises,  the  lifting  fork  (G)  pivots, 
and  the  unloader  sleeve  (H)  lowers,  permitting 
the  suction  valve  (I)  to  seat.  The  system  is 
governed  by  suction  pressure  which  actuates  the 
capacity  control  valve  (J).  The  capacity  control 
valve  controls  the  movement  of  the  hydraulic 
relay  piston  by  metering  the  oil  bleed  from  the 
control  oil  side  of  the  hydrauhc  relgy  back  to 
the  crankcase. 

ft 

Suction  pressure  increases  or  decreases 
according  to  increases  or  decreases  in  the 
refrigeration  load  requirements  of  the  plant. 
After  the  temperature  pulldown  period  with  a 
'  subsequent  decrease  in  suction  pressure,  the 
ppcapacity  control  valve  moves  to  increase  the 
control  oil  bleed  to  the  crankcase  from  the 
hydraulic  relay.  The  resulting  decrease  in  control 
oil  pressure  within  the  hydraulic  relay  allows  the 
piston  to  be  moved  by  spring  action  and, 
successively  closes  oil  ports  and  prevents 
compressor  oil  pum0  pressure  from  reaching  the 
unloader  power  elements.  As  oil  pressure  leaves 
a  power  element,  the  suction  valve  rises  and  that 
cylinder  unloads.  With  an  increase  in  suction 
pressurcy^the  above  process  is  reversecl,  and  the 
controlled  cylinders  will  load  in  succession.  The 
■  loading  process  is  detailed  in  steps  1  through  7 
in  figure  18-10. 


Condenser  / 

> 

The  compressor  discharges  the  high -pressure, 
high-temperature  refrigerant  vapor  to  the 
condenser,  where  it  tlows  around  the  tubes 
through  which  seawater  is  being  pumped.  the 
vapor  gives  up  its  superheat  (sensible  heat)  to 
the  seawate-r,  the  temperature  of  the  vapor  drops 
to  the  condensation  point.  As  soon  as  the 
temjx?rature  of  the  vapor  drops  to  its  boihng,  or 
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(DsucTiof^  VALVE  orsc 


THE  INCREASED  COfiTROt  OIL 
S«€SSyR£  PUSH£S  THE  RELAY 
PiSrOH  AOAINST  THE  SPRIGS  AND 
QPEHS  PASSAGES  BETWEEN  THE 
OIL  PUMP  AND  THE  UNLOAOER  ^ 
PO*£R  ELEMENTS. 


LiFTER  SPRINGS 
AND  PINS 


CONTROL  OIL 
PRESSURE 


ORIFICE 


(B) 

CONTROL' 

OIL 
ST^AtNER 


7.  THE  LiFTER  P«NS 
-  DROP  AND$EAT.  ■ 
THE  SUCTION 
VALVE  DISC  LOAD- 
ING THE  CYLtNDER. 


(H  )  UNLOAOER  Sleeve 

CYLINDER  SLEEVE 


•6.  THE  PLH«P  OIL  PRESSURE  IN  THE  UNLOAOER 
POWER  ELEMENTS  FORCES  THE  PISTON 
UPWARD,  PIVOTING  THE  LIFTING  PORK, 


RANGE 
ADJUSTME 


TRAVELING 
NUT 


EXTERNAL  ADJUSTMENT 
STEK 


4.  THE  VALVE  THROTTLES  TJ€  FLOW,  OF  CONTROL  OIL 
TO  THE  CRANICCASE, CAUSING  THE  CONTROLOIL 
PRESSURE  TO  BUILD  UP.  OIL  ENTERS  CAPACITY  • 
CONTROL  CIRCUIT  THROUGH  ORIFICE  FROM-COM- 
PRESSOR  OIL  PUMP  CIRCUIT, 


*3  COMPRESSION  OF  THE  RANGE  ADJUSTMENT  SPRING 
"allows  the  valve  SPRING  TO  MOVE  THE  PUSH 
PINS  AND  VALVE  NEEDLE  POINT  TOWARD  THE 
VALVE  SEAT. 


2. A  RISE  IN  CRANKCASE(SUCTION)PRfesSURC  (CAUSED 
'  BY  A  RISE  IN  EVAPORATOR  LOAD)  INCREASES  THe 
PRESSURE  AGAINST  THE  8ELL0WS  AND  COMPRESSES 
THE  RANGE  ADJUSTMENT  SPRING. 


GRANKCASE  (SUCTION)  PRESSURE  ENTERS  HERE  FROM 
CAPILLARY,  SUR5E  CHAMBER  CUSHIONS  RAPID  . 
FLUCTUATIONS, 


CRANKCASE 
fON)  PRESSURE 


{•/  A  '  'I  CONTJ?OL  OIL 
> ♦    *; :  l  PRESSURE 

CRANKCAGE 
P^H^^  PRESSURE 

OIL  PUMP 
PRESSURE 


47,216 


Figurd  Cxpacity  control  syntm. 
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condensing,  temperature  at  the  existing  pressure, 
the  vapor  cond^jnses,  giving  off  its  latent  heat  of 
vaporization  in  the  process.  The  refrigerant,  qow 
in  liquid  form,  is  subcooled  slightly  below  its 
boiling  point  (condensation  point)  at  the 
existing  pressure  to  ensure  that  it  wptnot  flash 
into  vapor. 

A  water4ooied  condenser  for  an  R-H 
refrLgeration  system  is  shown  in  figure  18-11. 
CircCikiting  water  is  obtained  through  a  branch 
connection  from  the  firemain  or  by  means  of  an 
individual  pump  taking  suction  from  the  sea. 
The  pur^*  connection  shown  in  tlgure  18-11  is 
on  the  refrigerant  side;  it  is  used  to  remove  air 
and  other  noncondensable  gases  that  arc  lighter 
than  the  R-i2  vapor. 

Most  condensers  used  for  naval  refrigeration 
plants  are  of  the  water-cooled  type.  However, 
some  small  units  have  air-cooled  condensers, 
lliese  consist  of  tubing  with  external  fins  to 
increase  the  heat  transfer  surface.  Most 
air-cooled  condensers  have  fans  to  ensure 
positive  circulation  of  air^around  the  condenser 
tubes. 


47.95 

Figure  18- 11. -Water-cooled  condenier  for  refrig- 
eration tyitem. 


Receiver 

The  receiver,  shown  in  figure  18-12,  acts  as  a 
temporary  storage  space  and  surge  tank  for  the 
liquid  refrigerant  which  flows  from  the 
condenser.  The  receiver  also  seiVes  as  a  vapor 
seal,  to  prevent  the  entrance  of  vapor  into  tlie 
liquid  line^  the  expansion  valve.  Receivers  may 
be  constructed  for  either  horizontal  or  vertical 
installation, 

Acct^isories 

In  addition  to  the  five  main  components  jus^t 
described,  a  refrigeration  system  requires  a 
nunjber  of  controls  and  accessories-  The  most 
important  of  these  will  be  described  briefly  in 
the  following  paragraphs. 

DEHYDRATOR.-A  dehydratpr,  or  dryer, 
containing  silica-gel  or  activated  alumina,  is 
placed  in  the  liquid  refrigerant  line  between  the 
receiver  and  the  thennostatic  expansion  valve?  In 
older  installations,  bypass  valves  allow,  the 
dehydtator  to  be  cut  in  or  out  of  the  system.  In 
newer  installations,  the  dehydratqr  is  installed  in 
the  hquid  refrigpratit  line  without  any  bypass 
arrangement.  A  dehydrator  is  shown  in  figure 
18-13. 


4  47.d6 

Figure  18-12-— Receiver. 
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Figure  1&-13.-Rtffig0r»it  d^hydrator* 


MOISTURE  I NDIC  ATOR .  -  A  moisture 
indicator  -is  either  located  in  the  liquid 
rctrigerant  line  or  built  info  the  dehydrator.  The 
moistuYe  indicator  contains  a  chemically  treated 
element  which  changes  color  when  there  is  an 
increase  of  moisture  in  the  refrigerant.  The  color 
change  is  reversible  and  will  change  back  to  a 
DRY  reading  when  tlie  moisture  is  removed 
from  the  refrigerant.  Excessive  moisture  or 
water  will  damage  the  moisture  indicator 
element  and  turn  it  gray,  which  indicates  it  mus^ 
be  replaced. 

solenoid'  valve  and 
the  rm  ostatic  control  ^witch.- a 

solenoid  valve  is  installed  in  the  liqurd  line 
leading  to  each  evaporator.  Figure  18-14  shows  a 
'  solenoid  valve  and  the  thermostatic  control 
switch  that  operates  it;  The  thei^mostatic  control 
switch  is  connected,  by  long  flexiWe  tubing  to  a 
thermal  control  bulb  which  is  located  in  the 
reTrigerated  space.  When  the  temperature  in  the 
refrigerated  sl^ace  drops  to  the  desired  P9int,  the 
thermal  control  bulb  causes  the  thermostatic 
control  switch  to  open,  thereby  closing  the 
solenoid  valve  and  shutting  off  all  flow  of  liquid 
refrigerant  to  the  thermostatic  expansion  valve. 
When  the  temperature  m  the  refrigerated  space 


rises  above  the  desired  point,  the  thermostatic 
control  switch  closes,  the  solenoid  valve  opens, 
and  liquid  refrigerant  once  again  flows  to  the 
thermostatic  expansion  valve. 

The  solenoid  valve,  and  its  related 
thermostatic  control  switch  maintain  the  proper 
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Fif^re  18-14.-Solenoid  valve  and  thermostatic  oontroi 

mitch. 


ENGINEMAN  3  &  2 


temperatare  in  the  refrigerated  space.  You  may 
wonder  why  the  solenoid  valve  is  necessary  if 
the  thermostatic  expansion  valve  controls  the 
amount  of  refrigerant  admitted  to  the 
evaporator.  Actually,  pie  solenoid  valve  is  not 
necessary  on  units  ]  that  have  only  one 
evaporator.  In  systems  that  have  more  thap  one 
evaporator,  where  there  is  wide  variation  in  load, 
tJie  solenoid  valve  provides  additional  control  to 
prevent  the  spaces  kom  becoming  too  cold  at 
light  loads. 

In  addition  to  the  solenoid  valve  installed  in 
the  line  to  each  evaporator,  a  large  refrigeration 
plant  usually  has  a  maiti*. liquid  line  solenoid 
valve  installed  just  after  the  receiver.  If  the 
compressor  stops  for  any  reason  except  normal 
suction  pressure  control,  the  main  hquid 
solenoid  valve  closes  and  prevents  liquid 
refrigerant  from  flooding  the  evaporator  and 
flowing  to  the  compressor  suction.  Extensive 
damage  to  the  comptjessor  can  result  if  liquid  is 
allowed  to  enter  the  compressor  suction: 

EVAPORATOR  PRESSURE 
RJHGULATINC/  VALVE. -Whenever  several 
refrigerated  spaces  of  varying  temperatures  are 
to  be  maintained  by  one  compressori  an 
evaporator  pressure  regulating  valve  is  installed 
at  the  outlet  of  each  evaporator  EXCEPT  the 
evaporator  in  the  space  in  which  the  lowest 
temperature?  is  to  be  maintoined.  The  evaporator 
pressure  regulating  valve  is  set  to  keep  the 
pressure  in  the  coil  from  falling  below  the 
pressure  corresponding  to  the  lowest  evaporator 
temperature  desired  in  that  space. 

The  evaporator  pressure  regulating  valve  is 
used  mostly  on  water  coolers,  on  units  where 
high  humidity  is  required  (such  as  fruit  and 
vegetables  stowage  spaces)  and  iq  installations 
where  tWo  or  more  rooms  are  maintained  at 
different  temperatures  by  the  use  of  tlie  same 
lefrigeration  unit. 

A  cross  section  of  a  common  evaporatpr 
pressure  regulating  valve  (commonly  called  EPR 
valve)  is  shown  in  figure  J 8- 15.  Tlie  tension^^ 
the  s^fig  above  the  diaphragm  is  adjustefl  so 
that  ^en  the  evaporator  coil  pressure  drops 
Kflow  th/ desired  minimum,  the  spring  will  shut 
the  valve. 
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SEAL  CAP 
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87.70 

Figure  18-15,— Exploited  view  of  typical  evaporator 
pressure  rsgutating  valve  (EPR). 


The  EPR  valve  is  not^eally  a  temperature 
control  that  is,  it  doel  not  regulate  the 
temperature  in  the  space.  It  is  only  a  device  to 
prevent  the  temperature  from  becoming  too 
low.^ 

LOW-PRESSURE  CUTOUT  SWITCH. -The 
low-pressure  cutout  switch,  or  suction  pressure 
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control  switch,  is  the  control  that  causes  the 
compressor  to  go  on  or  off  as  required  for 
normal  operation  of  the  refrigeration  plant.  This 
switch  is  located  on  the  suction  side  of  the 
compressor  and  is  actuated  by  pressure  changes 
•in  the  suction  line.  When  the  solenoid  valve^in 
the  lines  to  the  various  evaporators  are  closed,  so 
that  the  flow  of  refrigerant  to  the  evaporators  is 
stopped,  the  pressure  of  the  vapor  in  the 
compressor  suction  line  drops  quickly.  When  the 
suction  pressure  has  dropped  to  the  desired 
pressure,  th^ low-pressure  cutout  switch  causes 
the  compressor  -  motor  to  stop.  When.  ^  the 
temperature  in  the  refrigerated  spaces  has  risen 
enough  to  operate  one  or  more  of  the  solenoid 
valves,  refrigerant  is  pgaii)  admitted  to  the 
cooling  coils,  and  the  compressor  suction 
pressure  builds  up  again.  At  the  desired  pressure, 
tlie  low-pressure  cutout  switch  closes,  starting 
the  compressor  again  and  repeating  the  cycle. 

HIGH-FRESSURE  CUTOUT  SWITCH.-A 
high-pressure  cutout  switch  is  connected  to  the 
compressor  discharge  Hne  to  protect  the 
high-pressure  side  of  the  system  against  excessive 
pressures.  Tlie  design  of  this  switch  is  essentially 
the  same  as  that  of  the  low-pressure  cutout 
switch;  however,  the  iow-prcssure  cutout  switch 
is  made  to  CLOSE  when  the  suction  pressure 
reaches  its  upper  normal  limit,  whereas  the 
high^ressui^  cutout  switch  is  made  to  OPEN 
when  the  /discharge  pressure  is  too  high.  As 
mentioned  before,  the  low-pressure  cutout 
switch  js ,  the  compressor  control  for  normal 
operation  of  the  plant;  the  high-pressure  cutout 
switch,  on  the  other  hand,  is  a  safety  device  only 
and  does  'not  have  control  of  compressor 
operation  under  normal  conditions. 

OIL  FAILURE  SWITCH,  An  oil  failure 
SAvitch  is  provided  with  high-speed  compipssors. 
The  switch  is  designed  to  prevent  operation  of 
the  compressor  in  the  event  of  low  oil  pressure. 
The  switch  is  installed  with  one  bellows 
connected  to  the  oil  pressure  on  the  discharge  of 
the  compressor  oil  pump  and  the  other 
connected  to  the  compressor  suction  refrigerant 
pressure.  The  switch  is  set  to  open  the'electrical 
circui*  and  stop  the  compressor  when  the  oil 
pressure  drops  to  a  low-pressure  setpoin|  and  to 


dose  /the  electrical  circuit  and  Start  the 
compressor  when  the  oil  pressure  reaches  the 
reset  setpoint. 

To  start  the  compressor  after  it  has  been 
stopped  and  the  contacts  of  the  oil  failure 
switch  have  opened,  a  time  delay  mechanism  is 
used  with  the  compressor  motor  starter.  The 
time  delay  switch  will  open  10  to  ^0  seconds 
after  the  compressor  motor  has  been  started. 
The  oil  pressure  normally  will  be  built  up  in  this 
time  interval  so  that  the  oil  pressure  switch  will 
have  made  contact  to  keep  the  compre^or 
motor  electrical  circuit  enei^gized  after  the  time 
delay  switch  opens.  If  the  oil  pressure  has  not 
built  Hip  within  about  30  seconds  after  the 
compressor  is  started,  the  contacts  of  the  oil 
pressure  differentiail  switch  will  not  have  closed, 
and  the  compressor  will  stop  because  the  time 
delay  relay  switch  is  open.  ^ 

WATER  FAILURE  SWITCH.-A  -water 
failure  switch  stops  the  compressor  in  the  event 
of  failure  of  the  circulating  water  supply.  This 4$^ 
a  pressure-actuated  switch,  generally  similar  to 
the  low-pressure  .  cutout  switch  and  the 
high-pressure  cutout  switch  previously 
described.  If  the  water  failure  cutout  switch 
should  fail  to  function,  the  refrigerant  pressure 
*  in  tjie  condenser  would  quickly  build  up  to  the 
pomt  that  the  high  pressure  switch  would 
function. 

STRAINER, -Because  of .  the  solvent  action 
of  R-12,  any  particles  of  grit,  scale,  dirt,  or 
metal  that  the  system  may  contain  are  readily 
circulated  through  the  refrigerant  Unes.  To  avoid 
damage  to  the  compressor  from  such  To  reign 
^matter,  a  strainer  is  installed  in  the  compressor 
suction  connection.  ^   -  ' 

'SPRING-LOADED  RELIEF  VALVE,-A 
spring-loaded  relief  valve  is  installed  in-  the 
compressor  discharge  line  as  an  additional 
precaution  against  excessive  procures.  The  relief 
valve  is  set  to  open  a approximately  225  psi; 
fherefor^,  it  functions  only  in  case  of  failure  or 
improper  setting  of  the  high-pressure  cutout 
switch.  If  the  relief  valve  opens,  it  discharges 
high-pressure  vapor  to  the  suction  side  of  the 
compressor. 
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Tlie  type  of  pressure-actuated  control  switch 
used  in  all  of  the  above  installations  is  of  the 
general  type^hown  in  tlgure  18-16  with  its  cover 
^removed,  (flie  oil  pressure  failure  switch  has 
t\Vo  bellows  instead  of  the  one  sliown  in  the 
illustration.)  These  switches  are  designed  to 
operale  at  various  pressure  ranges.  Some 
switches  have  manual  reset  buttons  to  prevent 
the  automatic  restoration  of  power  after  a 
pressure  .  failure,  such  as  a  high  discharge 
pressure. 

WATER  RHGULATING  VALVE.  A  water 
regulating  valve  controls  the  quantity  of 
circulating  water  flowing  through  the  refrigerant 
condenser.  The  water^regulating  valve  is  actuated 
by  the  refrigerant  pressure  in  the  compressor 
discharge  line;  this  pressure  acts  upon  a 
diaphragm  (or,  in"  some  valves,  a  bellows 
arrangement)  which  transmits  motion  to  the 
valve  stem. 

The  primary  function  of  tiie  water  regulating 
valve  is  to  maintain  a  constant  refrigerant 
condensing   pressure.   Basically,    two  variable 


conditions  exist:  (ij  the  amount  of  refrigerant 
to  be  .condepsed  and  (2)  changing  water 
temperatures.  The  valve  maintains  a  constant 
refrigerant  condensing  pressure  by  controlling 
the  water  flow  through  'the  condenser.  By 
sensing  the  refrigerant  pressure,  the  valve 
permits  only  enough  water  tiirough  the 
condenser  to  condense  the  amount  of  refrigerant 
vapor  coming  from  the  compressor.  The 
quantity  of  water  required  to  condense  a  given 
amount,  of  refrigerant  varies  with  the  water 
temperature.  Thus,  the  flow  of  cooling  water 
th  rough  the  .  condenser  is  automatically 
maintained  at  the  rate  actually  required  to 
condense  the  refrigerant  under  varying 
conditions  of  load  and  temperature. 

LIQUID  STRAINER.-A  liquid  strainer  of 
tlie  type  shown  in  figure  18-17  is  also  installed 
in  the  liquid  line  leading  to  each  evaporator; 
these  strainers  protect  the  solenoid  valves  and 
the  thermostatic  expansion  valves. 
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Figurs  18-17.-Strair«r  for  iiqutd  refrigerant. 


ERIC 


421 


Chapter  18-REFRIGERATION 


gages  and  thenxiometers  are  used  in  refrigeration 
systems.  Figure  18-18  shows  a  compound  R-12 
gage.  The  tempera^ur^^  markings  on  this  gage 
show  the  boiling  point  (or  condensing  point)  of 
the  refri^rant  at  each  pressure;  the  gage  cannot 
measure  temperature  directly.  The  red  pointer  is 
a  stationary  marker  that  can  be  set  manually  to 
indicate  the  maximum  working  pressure. 

* 

A  water  pressure  gage  is  installed  in  the 
circulating  water  line  to  the  condenser  to 
indicate  failure  of  the  circulating  water  supply. 

Standard  thermometers  of  appropriate  range 
are  provided  for  the  refrigerant  system, 

REFRIGERANT  ^  PIPING. -Refrigerant 
piping  in  modem  naval  installations  is  made  of 
copper.  Copper  is  good  for  this  purpose  because 

(1)  it  does  not  become  corroded  by  refrigerants; 

(2)  the  internal  surface  of  the  tubing  is  smooth 
enough  to  rriinimize  friction;  and  (3)  copper 
tubing  is  easily  shaped  to  'meet  installation 
requirements,  ^ 

^PACKLESS  VALVES. -Nearly  all 
hand-operated  valves  in  large  refrigeration 
systems  are  packless  valves  of  the  type  shown  in 


figure  18-19.  In  this  type  valve  the  upper  part  is 
sealed  off  from  the  lower  part  by  a  diaphragm. 
An  upward-seating  b^  check  in  the  lower  valve 
stem  makes  it  possible  for  the  spring  to  lift  the 
lower  stem  reganiless  of  pressure  differences 
developed  while  the  valve  was  closed.  Thus,  the 
valve  will  operate  properly  regardless  of 
direction  of  flow.  By  backseating  the  valve,  thfe 
diaphragm  can  be  changed  without  placing  the 
system  or  unit  out  of  operation; 


OPERATING  PROCEDURES  FOR 
AN  R- 12  SYSTEM 

Learning  to  do  all  the  tasks  related  to 
refrigeration  sy^em  operations  will  require  (1)  a 
good  deal  *of  practical  experience  and  (2) 
attentive  observation  of  the  procedures  followed 
by  those  qualified  in  refrigeration  system 
operation  and  maintenance.  As  an  Engineman, 
your  first  responsibility  with  an  R-12  system 
will  probably  include  checking  temperatures  and 
pressures,  maintaining  the  plant  operating  log, 
detecting  symptoms  of  faiilty  operation,  and 
checking  conditions  in  the  spaces  or  unite  being 
cooled.  '       •  .  ^ 

.  The  intervals  of  time  between  plant 
inspections  will  vary  depending  on  the  purpose 


PRESSURE 
INOiCATED  IN 
BLACK 


TEMPERATURE  INDICATED 
^      IN  RED  COLOR 


47.102 
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for  which  the  plant  is  used.  The  temperatures 
,  and  {)re&sures  throughout  the  system  and  the  oil 
level  in  the  compressor  crankcase  are  checked 
and  the  results  arer'recorded  every  hour  unless 
watcbstandiag  instructions  ^cify  otherwi^. 
The  results  of  these  checks  are  used  to 
determine  whether  the  plant  is  operating 
properly.  One  of  the  best  methods  for  diecking 
plant  operation  is  to  compare  the  existing 
temperatures  and  pressures  with  those  recorded 
during  a  period  when  the  plant  was  known  to  be 
operating  properly,  under  conditions  similar  to 
the  present  conditions. 

PRESTARTENG  CHECKS 

The  following  information  on  operating 
procedures  is  of  general  nature  intended  only  to 
familiarize  you  with  plant. operation,  and  should 
NOT  be  used  for  actual  operation  unless 
specifically  approved  for  your  plant. 

1.  Open  the  com|U|^or  dischar;^  valve; 
open  all  stop  valves  flPthe  circulating  water 
supply  and  in  the  discharge  lines  for  the 
condenser. 

2.  Open  the  condenser  refrigerant  outlet 
yalve  and  open  the  thermal  expansion  stop 
valves  pn  the  chill  and  freeze  boxes, 

3.  Start  all  air  circulating  fans.  On  water 
cooling  applications  (soda  fountains,  drinking 
water  coolers,  ind  air  conditioning  water 
chillers),  admit  the  water  to  be  cooled,  and 
purge  the  water  circuit  of  air. 

4.  Hf  water  is  taken  from  the  firemain,  be 
sure  that, the  pressure-reducing  valve  ahead  of 
the  water  regulating  valve  is  ^justed  to  provide 
a  water  pressure  of  35  psi^  or  less.  When  no 
pressure-reducing  valve  is  installed,  regulate  the 
firemain  connection  stop  valve  manually  so  that 
the  required  water  pressure  ahead  of  the  water 
regulating  valve  is  maintained. 

5.  When  an  in^ivicjual  circulating  pump  is 
used  to  supply  condenser  circulating  water,  be 
sure  that  all  valves,  which  permit  transmission  of 
fRimp  discharge  pressure  to  the  water  failure 
switch,  are  open. 

6.  If  the  compressor  unit  is  equipped  with 
an  air-cooled  condenser,  be  sure  that  the  airflow 
passages  to  the  condenser  are  unobstmcted,  and 
that  the  air  circulating  fans  are^iear. 


7.  Open  the  compressor  dischaiB^-linc 
valve,  the  stop^  valye  in  the  line  coimecting  the 
condenser  and  the  liquid  receiver,  and  the  main 
liquid-line  valve, 

STARTING  THE  COMPRESSOR 

We  must  emphasize  the  need  for 
thoroughness  and  care  at  .the  time  the 
compressor  is  started.  Bent  crankshafts, 
distorted  valves,  and  blown  gaskets  ^  a  few  of 
Sie  casualties  5  that  can  occur  if  proper 
procedures  and  applicable  precautions  are  not 
followed.  After  accomplishing  or  checking  the 
items  listed  under  the  posted  prestarting 
instructions,  proce^  as  follows : 

1  ■  ..Set  the  AUTQMATie-MANUAL  selector 
switch4n  the  MANUAL  position! 

2.  ,  Close  the  maintaining^ontact  START 
button  in  the  pump  ccffitrpl  circuit  to  prepare 
the  pump  motor  for  starting. 

3-  Close  the  momentary-contact  START 
switch  in  tHk^compressor  control  circuit  to.  start 
the  pump  motor  which  also  energizes  the'  main 
line  solenoid  valve  circuit. 

As  the  pump  circulates  the  water,  the  water 
failure  switch  closes  automatically  and 
completes  the  circuit  of  the  compressor-motor 
contactor  coil.  When  this  circuit  is  closed,  the 
compressor  motor  starts.  In  installations  that  do 
not  have  a  pump  motor  and  a  pump  control 
circuit  installed,  closing  the  momentary-contact 
START  switch  energizes  the  compressor  control 
circuit  and  starts  the  compressor  motor. 

4.  Start  and  stop  the  motor  and  compressor 
several  times  by  manual  control,  to  check  their 
operating  condition;  then,  stop  the  compressor 
and  check  the  oil  level. 

5.  After  determining  that  the  motor  and 
the  compressor  are  in  operating  condition, 
crack  the  suction  stop  valve  and  set  the  controls 
on  AUTOMATIC. This  arrangement  prevents  the 
pressure  in  the  System  from  decreasing  below 
that  of  the  atmosphere  and  drawing  air  into  the 
compressor. 

With  the  compressor  running,  open  the 
compressor  suction  valve  slowly,  to  limit  the 
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quantity  of  suctibn  gas  haiulled  by  the 
compressor. 

Watch  the  suction  as  *  you  open  the 
compressor  suction  valva  to  ensure  that  the 
suction  pressure  is  within  the  limits  of  the 
Vitomatic  control  low-pressure  suction  setting. 
Open  the  valve  at  a  gradual  rate  so  that  there  is 
neither  a  rapid  fluctuation  in  suction  pressure 
,nor  a  rapid  drop  of  -pressure,  in  the  compressor 
cSrankcase.  This  will  prevent  the  j-apid  boiling  off 
of  refrigerant  from  the  oil  and  the  carrying  of  oil 
into  tlk  system,  Unusual  noise  or  Ipiocking  in 
the  compressor  and  ffosting  of  crankcase  or 
suction  valve  are  '  indications  that  liquid 
refrigerant  is  being  drawn  into  the  compressor. 

6.  If  lubrication  of  the  compressor  is  t)y 
forced  feed,  check'  the  pressure  on  the  oil 
pressure  gage.  ^ 

Unless  specific  instructions  indicate 
otherwise,  the  oil  pressure  should  be  between  15 
and  3d  psi  above  the  compressor  suction 
^pressure  within  a  few  seconds  after  the 
compi^ssor  is  started.  If  the  compressor  is 
designed  for  automatic  capacity  control,  oil 
pressure  of  50  to  60  psi  above  suction  pressure  is 
required. 

'  ^ 

7.  Be  sure  the  proper  quantity  of 
circulating  water  is  flowing  through  the 
condenser  before  the  compressor  or  dischaige 
pressure  reaches  125  psi. 

8.  Open  the  receiver  outlet  valve  and  the 
main  solenoid  outlet  valve. 


OPERATING  AN  R-12 
PLANT  IN  AUTOMATIC 


After  the  prescribed  operating  pressures  and 
temperatures  have  been  established  with  the 
compressor  running  in  MANUAL,  place  the 
selector  switch  in  the,  AUTOMATIC  position. 
NOTE:  A  refrigeration  compressor  should 
NEVER  be  left  unattended  wh^n  in  the 
MANUAL  mode  of  operation.  The 
suction-pressure  con&ot  (low-pressure  .cutout 
switch)  is  connected  electrically  to  start  and 


stop  the  compressor  automatically  on  the  basis 
of  lo^  conditions.  If  the  automatic  control 
valves  and  switches  are  in  proper  adjustment,  the 
operation  of  the  plant,  after  proper  starting,  will 
be  entirely  automatic. 

« 

When  the  selector  switch  is  set  for  automatic 
operation,  the.  water  failure  switch,  the 
high-4>ressure  switch,  or  the  low-pressure  switch 
will  close;  and  energize  their  respective  circuits. 
Other  control  devices  itqiiire  intervention  of 
an  operator  before  the  compressor  can  be 
.restarted.  Some  high-pressure  switches  are 
provided  with'^anual  reset  devices  whidi  must 
be  reset  by  the  operator  after  the  switches  have 
been  opened  by  excessiv^  pressure. 

Irt  same  installations  the  supply  of 
condenser  cooling  water  is  available  either  from 
a  centrifugal  pump  or  from  the  fir^  and  flushing 
niain  directly.  If  cooling  water  is  ol^tained  from 
the  fire  and  flushing  main  instead  of  from  the 
pump,  the  pump  controller  switch  is  opened 
manually.  The  water  failure*  swdtch  rerhains 
closed  regardless  of  the  source  of  condenser 
cooling  water. 


SECURING  THE  COMPRESSOR 


If  a  compressor  is  to  be  secured  for  only  a 
short  time,  it  is  not  necessary  to  pump  down  the 
system.  The  compressor,  however,  must  b6 
pumped  down.  .  To  do  this,  first  close  the 
compressor  suction  valve  slowly  to  prevent  a  too 
rapid  reduction  in  crankcase  pressure.  Then, 
allow  the  compressor  to  run  until  it  is  stopped 
by  the  low-pressure  control  switch;  push  the 

\  STOP  button  on  the  motor-control  panel.  Next, 
^close  the  compressor  discharge  shutoff  valve; 
shut  off  the  watet  supply  to  the  condensers. 

.  Finally,  close  the  main  liquid  valve  downstream 

Xrom  the  receiver. 

If  a  refrigeration  system  is  to  be  secured  for 
an  extended  time,  *the  system  must  be  pumped 
down.  The  pumping-down-  procedure  involves 
pumping  most  of  the  R-l  2  out  of  the  coils  of 
the  evaporator  and  storing  the  refrigerant  in  the 
re-ceiver.  1/  the  quantity  of  liquid  refrigerant 
contained  in  the  system  is  in  excess.^*  the 
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ca^dty  of  the  receiver^  the  surplus  liquid  must 
be  draN¥n  off  into  refrigerant  drums. 

NOTES  ON  COMPRESSOR  OPERATION 

An  !^-12  cx^mpressor  should  not  remain  idle 
for  an  extended  period'X}f  time.  When  two  or 
more  compressors  are  instgJled  for  a  particular 
plant,  the  compressors,  should  be  operated 
alternately  so  that  the  total  operating  time  on 
e^ch  of  the  compressors  is  approximately  the 
same.  An  idle  compfe^sor  should  be  operated  at 
.  least  once  a  week.  '  , 

Only  one  compressor  should  serve  a  cooling 
'coil  circuit.  When  compressors  are  operated  in 
parallel  on-  a  o^mon  cooling  coil  circuit, 
lubricating  oil  may  be  transferred  from  one 
compressor  to  knoiher.  Such  transfer  of  t)il  may 
result  in  serious'  damage  to  all  compressors  on 
the  circuit 


OPERATING  LOG 


7' 


.  Tlie  operating  record  of  a  refrig^ation 
syst^fm  must  be  mainMned  by  the  personnel  on 
watch.  The  infbmiation  record«d  in  the 
operating  log  serves  asu  guide  to  the  condition 
of  the  plant. " 


MAINTENANCE  OF  ^ 
R-12  SYSTEMS 

As  an  Engineman,  you  will  do  some  of  the. 

Eainlenance  jobs  required  to  keep  a 
fri^ration  plant  6peifating  efficiently .  To 
perform,  your  share  of  th^  required  maintenance 
of  a  refrigeration  system,  you  must  be  familiar 
with"  the  proper  procedures  fpr  the  following 
jobs:  defrosting  the  cooling  coils,  pumping 
down  a  system  and  checking  for  nonconden^able 
gases,  purging  a  system  of  noncondensabie  gases, 
using  a  halide  torch  to  test  for  refrigerant  leaks, 
checking  compressor  oil,  taking  care  of  V-belts, 
setting  and  adjusting  refrigerdtion  system 
controls  and  safety  devices,  testing  and  renewing 
compressor  valvps,  and  care  of  shaft  seals.  Most 
"of  these  maintenance  ffems  are  coverfcd  by  the 
Planned  Maintenance  System  and  will  be . 
scheduled  accordingly. 


DEFROSTING  OF  COOLING  COILS 

The  cooling  coils  ^ould  be  ^  defrosted  as' 
often  as  necessary  to  maintain  the  ^effectiveness 
of  the  cooling  surface.  Exce^ve  accumulation 
of  frost  on  the  coils  will  insult  in  ,reduced 
cooling  capacity,  low  compressor-suction 
pressure^  and  ft  tendency  for  the  compressor  to 
short  cycle,  The  maximum  permissible  time 
interval  between  defrosting  operations  depends 
on  many  factors,  si^h  as  refrigerant  evaporating 
temperature,  free-moisture  content  of  supplies 
placed  in-the  refrigerated  space ^  temperature  of 
refrigerated  spaces,  frequency  of  opening  of 
cold-stofage  "compartment  doors,  anjl 
Atmospheric  humidity.  In  the  average 
cold-storage  refrigeration  installation,  it  is  good 
practice  to  defrost  cooling  goils  before  the 
aveiiage  frost  tl|ickness  reaches  3/16  inch.  This  is 
not  a  hard  and  fast  rule,  however;  sometimes  the 
ftost  layer  may  become  appreciably  thicker 
without  '  seriously  interfering  svith^  plant 
operation.  At.other  times  it  may  be  hece^ar^  to 
defrost  more  often  to  maintain  satisfactory 
operation  of  the  phnt  and  proper  compartment 
temperature. 

PUMPING  d5wN  A  * 
REFRIGERANT  SYSTEM 

The  '  pum ping-down  procedure  to  .be 
followed'will  depend  on  the  maintenance  to  be 
done.  In  some  cases,  the  necessary  maintenarice 
can^be  performed  on  the  charged  system  after  a 
part  to  be  repaired  or  replaced  has  been  isolated. 
Generally,  it  is  possible  to  pump  down  any  part 
.  of  a  charged' system  (except  the  condenser,  the 
liquid  rec^iverr  and  the  compressor  discharge 
line)  by  proper  manipulation  of  cutout  valves. 
When  repairs  are  to  be  made  to  a  major  portion 
of  the  systqm,  the  rqfrigerant  system  must  be 
purtifJed  down  to  return  all  refr^erant  to  the 
receiver.  "      ^  *  • 

If  repairs  are  to  be  made  to  the  receiver,  the 
condenser,  or  the  compressor  discharge  line,  the 
entire  system,  must  hi  drained  into  spare 
refrigerant  drums.  However,  when  a  system  has 
valves  to  isolate  the  compressor  discharge"  line 
and  condenser  and  when  it  is  not'objectionable 
to  release  refri^rant  (which  may  still  be  trapped 
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in  the  conderjser  after  the  system  has  b^n 
pumped  down  to  the  receiver)  to  the 
atmosphere,  rep^iis  -to  the^ compressor  discharge 
line  and/condenser^j^may  '  *  -i.  -  • 
section  isolated' 


be  mads  with  this 


Whenever  it  is  nece&^iary  to  open  a  chained 
system  to  make  repairs  or  replacen\ent$  or  to 
dean  strainers,  the  refrigerant  pitssiure  ^ithin 
the  part  of  the  system  to  be  opened  should  be 
pumped  down  to  a  pressure  slightly  above 
atmdspheric  (1/2"  to  2  psig)  before  any 
connections  are  broken-^  As  a  part  of  the  system 
which  contains  liquid  R-12  is  pumped  down,  its 
temperature  will  decrease  as  a  result  of  the 
evaporation  of  the  liquid  refrigerant  When  the 
temperature  of  such  a  part  of  the  system  begins 
to  rise  to  normal  again,  ;whiie  the  low  pressure  in 
the  part  is  paintained,.  it  is  rca3or>^bly  certain 
that  all  R-12  liquid  within  the  part  has 
evaporatecj. 

If,^  the  final  evacuation  of  a  part  of  the  ' 
system,  a  pressure  of  less  than  0  psig  i^  reached, 
sufficient  refri^rant  should  be  immediately  bled 
into  the  evacuated  part  of  the  system  to  raise 
the  pressure  to  between  1  /2  and  2  psjg. 
Connections  m^y  then  be  opened,  and  repairs, 
replacement  of  parts,  or  other  necessary  service 
operations  rnay  be  accomplished. 

When  a  refrigerant  system  is  opened,  the  free 
ends    of    the   , refrigerant    lines   should  be 
temporarily  plugged  to  pievcnt^hel  en  trance  ©f  ^ 
air..anU  dirt.  When  the  conn^tiOns/afe  jemade,  ' 
one  connection  is  made  tight  while  tlie"  other 
connection  is  left  loose,  temporarily,jSO  that  the 
air  or  o^her  foreign  gases  in  the  section  of  the 
system  which  is  serviced  can  be  swept  out 
through  the  free  end  as  this  section  of  the 
system  is'slowly  purged  vvith  refrigerant-gas  bled 
from  the  charge  in  the  system.  The  other 
connection  (or  (X)nnections)       then  quickly 
tightened.  Refrigerant  lines,  oil-charging  lines, 
gage  lines,  and  control  lines,  although  generally 
of  small  size  and  short  length,  s^iouldW  purged 
vyifh  rcfrigerant-gas  immediately  before  they  are* 
connected  to  the  system.  When  connecting  lines  . 
'thathave^been  removed  are ^o  be  used  again,  the 
CTds  of  the  lines  should  be  capped  to  protect  the-^ 
connectir^  fitting  and  to  ensure  that  the  tube 
will  be  clean  when  it  is  used  again. 


,  When  MAJOR  REPAIRS  are  to  be  made  to  a 
m^r  portion  of  the  system  or  wiien  the  system 
is  to  be  secured  for  an  extended  period,  the 
refrigerant  system^  jnusf  be  pumpc4  dowrt  to 
return  all  refrigerant  to  the  receiver.  Sufficient 
refrigerant-gas  should  be  retained  within  the 
system  to  create  a  positive  pressure  of 
approximate  ^'^sig  thibughout  the  circixit, 
except  within  the  compressor-discharge  line  and 
"  the  condenser,  and  between  the  receiver  and  the 
main  liquid-line  shutoff  valve;  To  pump  down 
the  system,  close  the  main  liquid-line  shutoff 
valve  and  the  dehydrator-bypass  ^  valve  (if 
installed),  and  open  the  c6oling-coiI  solenoid 
valves-  Allow  the  compressor  to  operate  on 
maniial  control  until  *  the  suction  pressure 
reaches  approximately  1/2  to  2  psig;  then  stop 
the  compressor.  Repeat  the  operation  until  the 
liquid  refri^rant  in  the  circuit  has  evaporated 
and  the  suction  pressure  remapis  relatively 
constant  at  1/2  to  2  psig. 

'  During  the  pump^Jown  period,  you  can 
trace  the  evaporation  of  liquid  refrigerant'  to  the 
liquid  line  back  to  the  main  liquid-line  shutoff 
valve  by  the  formation  of  frost  arid  its 
subsequent  melting  as  the  liquid  refrigerant  is 
evaporated  and  superheated.  Open  the 
power^uppl;^  switch  to  the  compressor;  close 
the  compressor  suction  and  discharge  shutoff 
valves.  Shut  off  the  water  supply  to  the 
condenser  and  drain  the  condenser  water.  When 
the  artount  of  liquid  refrigerant  contained  in  the 
.  system  is  in  excess  of  the  capacity  of  the 
receiver,  the  surplus  liquid  refrigerant  must  be 
drawn  off  into  separate  refrigerant  drums* 

To  drain  the  refrigerant  charge  from  the 
system  when  it  is  necessary  to  make  repairs  to 
the  condenser,  the  liquid  receiver,  or  the 
compressor,  discharge  line,  or  for  any  other 
reason,  proceed  as  follows: 

1.  Start  the  compressor  and  pump  down 
.the  cooling  coil  ^nd  suction-line  nressure,  with 
the  liquid-line  valve  at  the  receiverfcutlet  closed, 
to  the  point  at  wkich  the  low-pressure  control 
switch  stops  the  unit. 

2.  When  the  compressor  is  stopped  by  the 
low-pressure  cutout  switch,  restart  the  unit 
manually    and    continue   the  pumping-down 
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procedure  until  the  suction  pressure  reaches 
approximately  2  psig  and  stops  the  compressor. 
Repeat  the  operation  in  periodic  cycles  until  the 
liquid  refrigerant  in  the  circuit  has  evaporated 
and  the  suction  pressure  remains  relatively 
constant  between  1  /2  and  5  psig. 

1.  Gosc   the   compresspr  discharge  line 
valve;  close  all  liquid  valves  at  the  cooling  coils. 

4.  Connect  air  empty  R- 1 2  service  drum  to 
»   the  refrigerant  drain  valve  (Before  connecting 

the  drum  to  the  R-12  system,  cool  the  drum 
thoroughly  so  the  refrigerant  will  drain  rapidly 
into  the  drum.)  AJwajifs  use  a  clean  R-12  service 
drum,  containing  no  air  or  water,  so  that  the 
drained  R-12  is  kept  in  suitable  condition  for 
future  use,  ^  . 

5.  Purge  the  air  out  of  the  line  connecting 
.  the  drain  valve  and  the  'drum  by  leaving  the 

.  connection  at  the  drum  valve  open  as  you  slowly 
'  flush  rcffigerant  through  the  line  and  out  at  the 
,    connection;  then  close  the  connection.  Drain  the 

R-1 2  into  the  cooled  drum  by  opening  the  drain 

Valve  and  the  service  drum  valve. 

6.  Wh^n  the  service  drum  is  full;  close  the 
drain  valve  and  permit  the  R-12  liquid  in  the  . 
drain  line  to  evaporate ;  then,  close  the  service 
drum  valve  and  disconnect  the  drujji  from  the 
system.  .  j 

7.  Weigh  the  ..drum  wjiile  filling,  to  be  ' 
certain  that  it  is  not  overcharged.  The  net  and 
gross  weigkts  are  stamped  on  the  drum.  (These 
weights  inqude  that  of  the  cast  iron  protector  . 

'    cap  which  fits  over  the  cylinder  valve.) . 

CAUTION:  NEVER  fill  a  service  drum 
beyond  its  rated  capacity;  drum  rupture 
may  fe^ult  from  hydraulic  pressure  upon 
rise  in  temperature. 


8.  Discharge  the  R-12  vapor  that  remains  in 
the  (iondenser  and  receiver  to  the  atmosphere 
through  the  purge  valve, 

TESTING  FOR 
REFRIGERANT  LEAKS 

Refrigerant  leaks  mean  the  loss  of  the 
refrigerating  effect  and  loss  of  refrigerant. 
Various  tests  are  used  to  determine  the  existence 
of  leaks  in  refrigerant  systems.  Pressure  tests  are 
used  after  a  system  has  been  installed  and  after  . 
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extensive  repairs  or  replacement  of  parts  has 
been  made.  Pressure  tests  are  made  BEFORE  the 
system  is  charged  with  refrigerant.  Chaiged- 
systems  are  tested  for  leakage  with  either  a 
halide  leak  defectbr,  an  electronic  refrigerant  gas 
detector,  or  with  soapsuds;  which  of  the  three 
methods  to  be  used  will  depend  largely  upon  the 
size  of  the  leak  and  upon  the  type  of  space  in 
which  the  test  is  to  be  performed. 

As  an  EN,  you  will  be  required  to  know  how 
to  use  the  detectors  and  how  to  use  soapsuds  to 
check  for  the  refrigerant  leakage,  ^   

In  addjition  to  tests  for  leaks  that  are  made 
at  periodic  intervals,  tests  should  be  made  before 
the  compressors  are  started  and  at/ any  other 
|ime  that  a  shortage  of  refrigerant  in  the  system^ 
is  su^ected.  Unusual  operating  conditions 
which  indicate  a  shortage  of  refrigerant  in  the 
system  are: 

/  ^  '  ^ 

1 .  High  suction-line  temperatures, 

2.  Relatively  high  crairkcase  and  cylinder 
temperatures. 

3.  Excessively  high  refrigerant  temperature 
in  the  liquid  line. 

»4.  Bubbles  in  the  refrigerant'  sight-flow 
indicator. 

5.  Liquid  refrigerant  carrying  psjrtially 
through  the  ?oil,  with  considerable  superheat  at 
the  thermal  element. 

6.  Short    cycle    or    compressor  running 
continuously. 

7.  ^ Excessive    oil    seepage  at  shaft  .seal 
cxjnnectiori. 

8;  Oil  seepage  at  refrigerant-system  piping 
and  compressor  connections, 

A  shortage  of  refrigerant  in  the  system 
nearly  always  indicates  the  presence  of  leaks. 
When  a  shortage  of  refrigerant  is  found,  the 
entire  system  should  be  tested  for  hgks  by  one 
of  the  following  methods. 

Halide  Leak  Detector 

The  most  positive  method  of  detecting  leaks 
in  a  refngerant  system/ is  with  a  halide  leak 
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c^tector  which  consists  essentially 
burner,  a  copper  reactor  plate,  and  an 
hose.  (See  fig-  18-20.) 


CAUTION.:  Do  NOT  use  a  halide  or 
electronic  leak  detector  in  any 
ammunition  spaces.  Soapsuds  is  the 
ONLY  method  of  leak  detection  to  be 
used  in  these  spaces. 


Most  detectors  use  either^ acetylene  gas  or 
alcohcd  as  a  fuel.  Pressure  for  detectors  that  use 
alcohol  is  supplied  by  a  pump.  If  a 
pump-pressure  type  alcohol-burning  detector  is 
used,  be  sure  that  the  air  pumped  into  the  fuel 
tank  is  pure. 


Atmosphere  suspected  of  containing  R-12 
vapor  is  drawn  by  injector  jicjion  through  the 
exploring  .hose  into  the  torch  burner  of  the 
letector^"  Here  the  air, passes  ovet  the  copper 
reactor  plate,  which  is  heated  to  incandescence. 


j\  4^FLAME  SHIELD 
PLATE 


MIXER 


VALVE 


FUEL  TANK 


K 

EXPLORING  HOSE 
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If  there  is  a' minute  trace  of  R-12  present,  the 
color  of  the^  torch  flame"  will  change  from  blue 
(neutral)  to  green  as  the  R-12  comes  in  contact 
with  the  reactor  plate.  The  shade  of  green  will 
depend  upon  the  relative  amount  of  ^  R-12 
present;  a,  pale  green  Indicates  small 
concentrations  and  a  d^kergreen  shows  heavier 
concentfations-  Excessive  quantities  of  R-12  will 
cause  the  flame  to  bum  with  a  vivid  purple 
color.  Extreme  concentrations  of  R-12  may 
extinguish  the  flame  by  crowding  out  the 
oxygen  available  from  the  air- 

When  a  leak  detector  is  used,  best  results  are 
obtained  if  the  following  precautions  are 
observed: 

1.  Be  sure  that  the  reactor  plate  is  properly 
in  place.. 

V  2-  Adjust  the  flame  so  that  it  does  not 
extend  beyond  the  end  of  the  burner.  ^A  small 
flamje  is  much  more  sensitive  than  a  large  flame, 
if  you  experience  difficulty  m  lighting  the  torch 
when  it  is  adjusted  to  produce  the  necessary 
small  flame,  block  the  end  of  the  exploring  hose 
until  the  fuel  ignites;  this  will  reduce  the  amount 
of  oxygen  drawn  inVThen  gradually  open  the 
hose.) 

3-  Clean  out  the  exploring  tube  if  the  flame 
continues  to  have  a  white  or  yellow  color.  (A 
white  or  yellow  flame  indicates  that  the 
exploring  tube  is  partially  blocked  with  dirt) 

4,  deck  to  see  that  air  is  being  drawn  into 
the  exploring^  tube;  you  can  make  this  check 
from  time  to  time  by  holding  the  end  of  the 
tube  to  yqur  ear. 

5.  Hold  the  end  of  the  exploring  tube  close 
^to  the  joint  being  tested  to  prevent  dilution  of 
the  sample  by  stray  air  currents. 

6-  Move  the  end  of  the  exploring  hose  tube 
slowly  and  completely  around  each  joint  being 
tested,  (Leak  testing  cann&t  be  flurried  safely. 
There  is  a  definite  time  lag  between  the  moment 
when  air  enters  the  exploring,  tube  and  the 
moment  it  reaches  the  reactor  plate;  ptermit 
sufficient  time  for  the  sample  to  readh  the 
reactor  plate,) 

7,  If  a  greenish  flame  is  noted  at  any  time, 
repeat  the  test  in  the  same  vicinity  until  the 
source  of  the  refrigerant  is  determined. 
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A-  halide  torch  or  an  electronic  refrigerant 
gas  detector  is  so  sensitive  that  it  is  useless  if  the 
atmosphere  is  contaminated  by  excessive  leakage 
of  R-12.  This  is  most  likeiy  to  happen  in  a  small 
or  .  poorly  ventilated  cx>mpar,tment.  If '  a 
compartment  is  contaminated  by  R-12  and 
cannot  be  ventilated,  or  if  in  an  ammunition 
space,  the  soapsuds  test  must  be  used. 

Soapsuds  Test 

In  using  the  soapsuds  test,  prepare  the 
soap-and-water  solution  so  that  it  has  the 
consistency  of  liquid  hand  soap  and  will  work 
up  a  lather  on  a  brush.  (The  lather  will  remain 
wet  for  a  longer  period  if  a  few  drops  of  glycerin 
are  added  to  the  solution.) 

Apply  the  lather  all  the  way  around  the 
joint;  then  look  carefully  for  bubbles.  If  a  joint 
is  so  located  that  a  part  of  it  is  not  visible,  use  a 
•    small  mirror  when  inspecting  that  part. 

Remember  thai  it  sometimes  takes  a  minute 
or  more  for  bubbles  to  appear  if  the  leak  is 
small.  Do.ubtful  spots  should  be  lathered  and 
examined  a  second  time. 

Always  follow  a  definite  procedure  in  testing 
for  refrigerant  leaks,  so  that  you  do  not  miss  any 
joints.  If  available,  use  a  ship's  plan  or 
authorized  drawing  of  the  system  to  "map  out" 
your  search.  The  extra  time  spent  in  testing  all 
joints  will  be  justified.  Even  the  smallest  leafc^is 
not  to  be  considered  negligible.  However 
insignificant  tlie  leak  rhay  seem,  it  eventually 
empties  the  system  of  its  charge  to  the  point  of 
faulty  plant  operation.  Because  'K-\2  is 
practically  odorless,  the  first  indication  that 
leakage  exists  is  the  loss  of  refrigerating  effect.  A 
refrigerant  system  should  never  be  recharged 
until  ail  leaks  are  discovered  and  definitely 
'  repaired. 

NEVER  use  oil  to  test  for  R-12  leaks.  Oil  is 
not  reliable  because  of  the  capacity  of  the  oil  to 
absorb  R-12.  If  a  . small  leak  should  exist  where 
oil  has  been  applied,  the  R-12  will  be  absorbed 
by  the  oil  ind  will  show  no  indication  (bubbles) 
of, the  leak  until  the  oil  is  saturated  with  R-12. 
Furthermore,  nf  a  halide  torch  is  used  to  test  a 
joint  that  has  been  tested  previously  with  oil, 

V  the  torch  will  giye  a  false  indication  because  of 

Hhe  R-12  released  from  the  oil. 
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TESTING  FOR  AIR 

AND  NONCONDENSABLE  GASES 


Every  reasonable  precaution  MUST  be  taken 
to  keep  air  and  noncondensable  gases  out  of  a 
-refrigerant  system,  Mien  air  enters  the  system 
the  condenser  must  be  purged,  with  a  resultant 
loss  of  refrigerant.  Atmospheric  air  always 
contains  some  moisture,  which  will  enter,  the 
system  when  air  does.  A  refrigerant  system  must 
be  kept  as  moisture-free  as  possible  to  eliminate 
such  troubles  as 'the  freezing  of  water  at  the 
expansion  valves,  internal  oxidation  or  corrosion 
of  parts,  and  emulsifieation  or  sludging  of 
lubricating  oils. 

Air  and  noncondensable  gases  in  a 
refrigerant  system  are  pumped"  through  the 
system  and  are-  discharged  by  the  compressor 
into  the  condenser.  These  gases  are  trapped  in 
the  condenser  by  the  liquid  seal  maintaJined  over 
the  receiver  9utlet.  Generally,  these  gases  are 
lighter  than  the  relatively  dense  R-12  vapor; 
they  tend  to  cOUect,  therefore,  in  the  upper  part 
of  the  condenser  when  the  compressor  is 
stopped.  The  purge' valve  for  discharging  these 
gases  to  the  atmosphere  is  located  either  in  the 
upper  part  of  the  condenser  shell  or  in  (he 
compressor  discharge  line  above  the  condenser. 
While  the  compressor  is  in  operation,  any 
noncondensabje  gases  in  the  system  are 
thoroughly  mixed  with  the  R-12  vapor.  This, 
mixing  is  caused  by  the  turbulence  produced  by 
the  rapidly  pulsating  discharge  of  refrigerant 
into  the  condenser.  Therefore,  it  is  not  advisable 
to  attempt  to  purge  noncondensable  gases  from 
the  system  while  the  conipressor  is  in  operation. 
Noncondensable  gases  in  a  condenser  cause 
e^ccessive  condensing  pressures  with  a  resultant 
loss  in  plant  efficiency. 

The  best  time  to  ch^ck  an  R-i2  system  for 
noncondensable  gases  is  immediately  before  the 
compresspr  starts  after  a  shutdown  period.  When 
a  condenser  is  to  be  checked  for  noncondensable 
gases,  the'  gages  and  thermometers  used  must  be 
in  calibration  and  the  system  must  have 
sufficient  refrigerant*  charge  so  that  the  liquid 
refrigerant  present  in  the  receiver  will  seal  the 
liquid  line  connection. 
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The  following  i^ocedure  should  be  followed 
to  check  a  refrigerant  system  for 
noncondensable  gases: 


1 .  Close  the  liquid-line  valve. 

2.  Shut  off  the  compressor  and  close  the 
suction-line  valves. 

'3*  Determine  the  actual  condensing 
temperature  of  the  refrigerant.  A  service  gage 
should  be  installed  in  the  compressor  discharge 
connection  if  a  discharge-pressure  gage  is  not 
already  provided.  An  ^proximation  of  the 
actual  condensing  temperatoe  of  the  refrigerant 
has  been  reached  when  no  further  decrease  is 
noted  ,  in  the  dischar^  pressure.  (On 
water-cooled  condensers,  you  can  speed  up  the 
reduction  in  pressure  by  circulating  the 
condenser  water  until  the  discharge  pressure  is 
reduced.)  in  most  ships  the  thermometer ' 
provided  in  the  liquid  line  at  the  receiver 
indicates  the  actual  condensing  temperature.  If  a 
thermometer  is  not  in^all^  in  an  air-cooled 
condenser  application,  one  should  be  placed 
near  ths^^^ndenser  to  record  the  ambient 
temperature  at  that  ^  location.  When  the 
temperature  of  an  ai^cooled  i^CVidensar  has 
dropped  to  the  ambient  temperature,  the 
reading  of  the  thermometer  will  approximate 
the  actual  condensing  temperature. 

4.  On  the  compound-pressure  gage,  read 
the  condensing  temperature  which  corresponds 
to  the  condensing  pressure  registered  by  the 
high-pressure  gage;  the  temperature  indicated  on 
the  temperature  scale  is  the  condensing 
temperature  of  pure  R-12  at  the  pressure 
indicated  by  the  gage. 

5,  Subtract  the  existing  condensing 
temperature  from  the  condensing  temperature 
of  pure  R-\  2  at  the  existing  condenser  pressure. 

"If  the  difference  between  these  two 
temperatures  is  more  than  5^F,  it  will  be 
necessary  to  purge  the  condepser  of 
noncondensable  gases.  ' ^ 

If  the  above  test  indicates  the  need  for 
purging,  slowly  release  the  nonconderisable 
^es.  When  a  purge  valve  is  not  provided,  puige 
the  gasc^  by  opening  the  discharge  pressure  gage 
connection.  ^  . 


CHECKING  CORtPRESSOR  OIL 


,  If  the  apparent  oil  level  observed 
immediately  after  a  prolonged  shutdown  period 
is  lower  than  nomial,  it  is  almost  c^tain  that  the 
actual  working  oil  level  is  far  too  low.  After  you 
liave  added  a  sufficient  quantity  of  oil  to  raise 
the  apparent  oil  le^  to  the  center  of  the 
bull's-eye  sight  glass,  check  the  actual  oil  level  as 
follows: 

1.  Operate  the  compressor  on  MANUAL 
control  for  at  least  1  hour.  If  the  compressor  is 
operating  on  a  water  cooler  or  other  coil  that  is 
apt  ^to  freeze,  observe  the  temperature  and 
interrupt  compressor  operation  as  necessary  to 
prevent  freezing.  Repeat  cycling  until  the  total 
running  time  (1  hour)  is  obtained.  Then  slowly 
close  the  suction  line  stop  valve, 

2*  Stop  the  compressor.  If  the  compressor 
is  forte  lubricated,  immediately  observe  the  oil 
level  in  the  sight  glass.  If  the  compressor  is 
splash  lubricated,  turn  the  flywheel,  until  the 
crankshaft  and  connecting  rod  ends  are 
immersed  in  the  lubricating  oil,  then  check  the 
oil  level. 

To  check  the  oil  level  when  the  compressor 
has  been  running  on  its  normal  cycle  with  no 
abnormal  shutdown  period,  proceed  as  follows: 

i 

1.  Wait  until  the  end  of  a  period  of 
operation;  if  the  operation  is  continuous,  wait 
until,  the  compressor  has  been  in  operation  at 
least  1/2  hour,  then  stop  the  compressor. 

2.  As  soon  as  the  compressor  stops,  observe 
the  oil  level  in  the  sight  glass  on  force-lubricated 
(X)m  pressors.  If  the  comjfressor  "is  splash 
lubricated,  turn  the  flywheel ,  until  the 
crankshaft  and  connecting  rod  eiKls  are 
satisfactorily  immersed  in  the  lubricating  oil; 
then  check  the  oil  level 

Do  NOT  remove  oil  from  tlie  orankcase 
because  of  an  apparent  high  level  unless  too 
much  oil  has  been  previously  added,  or  unless  it 
is  apparent  that  oil  from  the  crankcase  of  one 
compressor  of  the  plant  has  been  inadvertently 
deposited  in  the  crankcase  of  another. 

Howfever,  if  the  oil  level  is  lower  than  its 
recommended  height  on  the -glass,  a  sufficient 
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quantity  of  oil  should  be  added  to  obtain  the 
de&ifed  level.  Do  NOT  add  more  oil  than  is 
necessary;  too  much  oil  can  result  in  excessive 
oil  transfer  to  the  cooling  coils. 

Adding  Oil  ; 


taken  to  prevent  the  entrance  of  foreign  matter 
and  moisture  during  installation,  the  oil  in  the 
compressor  crankcase  will  probably  mot  become 
so  contaminated  that  it  requires  renewal  more 
tfian\)nce  a  year.  When  iron  or  steel  pipe  and 
fittings  are  used  in  the  R-1 2  system,  a  sample  of 
oil  from  the  compressor  crankcase  should  be 
withdrawn  into  a  clean  glass  container  every  3 
months.  If  the  sample  shows  contamination,  all 
the  lubricating  oil  should  be  renewed.  It  is  good 
practice    to   check   the    cleanliness    of  the 


There  are  two  pommon  methods  of  adding 
oil  to  a  com  pressor  ./In  one  type  of  installation,  a 
small  oil-charging  pump  is  used  for  adding  oil  to 

the  compressor  crankcase.  In  andther  type,  a^    ^ub^cating   oil   after  each  cleaning 
clean,   well-dried   funnel   is  used.  In  either       compressor  suction  scale  trap, 
installation,  you  must  be  careful  to  prevent  air 
or  foreign  matter  from  entering  the  compressor. 
When  performing  hourly 


of  the 


checks  of  the 
compressors,  you  may  observe  either  no  oil  in 
the  crankcase  or  a  very  low  oil  level  on  the  sight 
glass.  This  indicates  that  the  oil  has  left  the 
compressor  and  is  circulating  in  the  system ;  it 
will  be  necessary  to  add  oil  and  operate  the 
system.  After  the  compressor  has  reclaimed  the 
excessive  oil  in  the  system,  the  excess  oil  should 
be  drained. 

Removing  Oil  * 

To    remove    oil    from    the  compressor 
crankcase,  reduce  the  pressure  in  the  crankcase 
to  approximately  1  psi  by  ^dually  closing  the 
suction    line    stop    valve.    Then    stop  the 
compressor  and  close  the  suction  and  discharge 
line  valves.  Loosen  the  lubricating  oil  drain  plug 
near  the  bottom  of  the  compressor  crankcase 
and  allow  the  required  amoU|pt,  of  oi!  tp  drain 
out.  Since  the  compressor  crankcase  is  under  a 
slight  pressure,  do  NOT  fully  remove  the  drain 
plug  from  the  compressor;  allow  the  oil  to  seep 
out  around  the  threads  of  the  loosened  plug. 
When  the  desired   amount        oil  has  4)een 
removed,  tighten   the  drain  plug,  open  the 
suction. and  discharge  line  valves,  and  start  the 
^mpressor.  If  an  oil  drain  valve  is  provided  in 
lieu  of  a  plug,  you  can  drain  the  required 
amount  of  oil   without  pumping  down  the 
(^mpressor. 

Renewing  the  Lubricatii^  OU 

When  clean  copper  tubing  is  used  for  R-1 2 
systems  and  *  when  reasonable  care  has  been 


CARE  OF  V-BELTS 


Excessive  looseness  will  cause  slippage,  rapid 
wear,  and  deterioration  of  V-belts.  On  the  other 
hand,  a  belt  that  is  too  t^ht  will  cause  exc^sive 
wear  of  both  the  belt  and  the  main  bearing  of 
tljs  compressor.  In  extreme  cases  it  may  cause  ^ 
bad  seal  leak.  .When  properly  tightened,  a  belt 
can  be  depressed  1/2  to  3/4  inch  by  the  pressure 
of  oae  finger  at  a  poii^it  midway  between  the 
flywheel  and  the  motor  pulleys. 

When  replacement  of  one  belt  of  afeultipie 
V-belt  drive  is  necessary,  a  complete, neW  set  of 
matched  belts  should  be  installed.  Belts  §tretch 
considerably  during  the  first  few  hours  of 
operation.  Replacement  of  a  single  belt  will 
upset  the  load  balance  between  the  new  and  old 
belts  and  will  be  a  potential  source  of  trouble.  It 
is  better  practice  tq  run  the  unit  temporarily 
with  a  defective  belt  removed  than  to  operate  a 
new  belt  iri  conjunction  with  two  or  more 
seasoned  belts. 

V-belts,  motor  pulleys,  and  compressor 
flywheels  should  be  kept  dry  and  free  of  oil. 
Belt  dressing  should  J»4EVER  be  used. 

SETTING  CONTROL 
AND  SAFETY  DEVICES 

A  refrigeration  plant  cannot  operate 
efficiently  and  safely  unless  the  control  and 
safety  devices  are  in  good  working  order  and  set 
properly.  When  a  ne^control  or  safety  device  is 
installed  in  a  refrigeration  system,  it  must  be 
adjusted  or  set  to  function  at  pressures  or 
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temperatures  in  accordance  with  the  plant 
design.  Periodic  tests  and  inspections  may 
indicate  faulty  plant  operation  that  is  due  to 
improperly  adjusted  control  or  safety  devices. 
As  an  Engineman,  you^ust  know  how  these 
devices  operate  and  how  to  adjust  them, 

This  section  contains  information  on  some 
of  the  most  common  types  of  control  and  safety 
devices  used  by  the  Navy, 

The  methods  of  setting  the  low-pressure 
switch,  tl^  water  failure  switch,  and  the 
thermostatic  switch  are  similar;  however,  these 
switches  differ  as  to  operating  rang^,  purpose, 
and  setting.  Also^  the  high-pressure  switch  and 
the  water  failure  switch, are  safety  devices  while 
the  ipn^pressure  switch  and  the  therm  c^tatic 
switches  are  ^control  devices.  For  detailed 
information,  consult  Naval  Ships'  Technical 
Manual,  the  manufacturer's  technical  manual, 
and  the  PMS  for  your  plant. 


High-Pressure  Switch 


The  high-pressure  switch  has  an  operating 
range  of  60  to  350  psig  and  an  adjustable 
differential  (difference  between  the  cut-in  point 
and  ^utout  point).  Turning  the  range  id  justing 
screw  clockwise  raises  %oth  the  cut-in  point  and 
cutout  point.  Turning  it  counterclockwise 
lowers  these  points.  The  differential  adjustment 
affects  only  the  *  cutout  point.  Turning  it 
clockwise  raises  the  cutout  point  and  turning  it 
counterclockwise  lowers  the  cutout  point. 

To  set  the  switch, ,  first  remove  the  cover 
plate.  Then  the  two  adjusting  screws,  one 
labeled  differenfiai,  the  other  labeled  range,  are 
easily  accessible.  Start*  the.  compressor  and 
control  the  dischar^  pressure  by  throttling  the 
circulating  water  through  the  condenser.  Turn 
the  differentia]  screw  to  its  limit 
counterclockwise  and  turn  the  range  screw  to  its 
limit  clockwise.  Raise  the  compressor  discharge 
to  about  10  psig  above  the  desired  cut-in 
pressure.  Turn  the  range  screw  counterclockwise 
until  the  contactor  in  the  switch  opens,  thereby 
stopping  the  compressor:  When  the  discharge 
pressure  drops  the  desired  cut-in  pressure,  turn 
the  range  screw  clockwise  until  the  contacts 


/close,  starting  the  compressor.  The  cut-ia  point 
is  now  set.  With  the  compressor  rurming,  turn 
the  differential  screw  to  its  limit  clockwise,  then 


desired  cutout 
ential  screw 
co^lacts  open, 


raise  the  discharge  pressure 
pressure.    Turn    the  di 
counterclockwise  'until  the 
stopping  the  compressor.  The  cutcjut  point  is 
now  set. 


Lpw-Pres^ire  Switch 


The  low-pressure  switch  has  an  operating 
range  of  20  inches  of  vacuum  to  80  psig  and  an 
operatii^g  differential  of  9  psig  to  30  psig. 

To  Iset  the  low  pressure  switch,  start  the 
compressor  and  control  the  suction  pressure  by 
throttling  the  compressor  stiction  valve.  Turn 
the  range  and  differential  adjustment  scivws 
counterclockwise.  Lower  the  suction  pressure  to 
about  10  psig  below  the  desired  cut-in  pressure 
and  turn  the  jajjge  saw  clockwise  until  the 
switch  contacts  c^sn<  stopping  the  compressor. 
Allow  the  suction  Messure  to  rise  to  the  desired 
cut-in  pressure  ana  turn  the  range  screw 
counterclockwise  until  the  switch  contacts  close, 
starting  the  compressor.  The  cut-in  point  is  now 
set.  Turn  the  differential  screw  to  its  limit 
clockwise,  throttle  the  suction  valve  to  lower  the 
suction  pressure  to  the  desired  cutout  pressure. 
Turn  the  ^differential  screw  counterclockwise 
until  the  switch  contacts  open,  stopping  the 
compressor.  The  cutout  point  is  now  set 

Water  Failure  Switch 

The  water  failure  switch  should  be  set  to  cut 
in  at  15  psig  and  to  cut  out  at  5  psig.  To  set  the 
water  failure  switch,  turn  the  differential  screw 
to  its  limit  counterclockwise  for  minimum 
differential  since  the  required  differential 
(difference  between  cut-in  and  cutout  points)  is 
10  psig.  Throttle  the  water  overboard  valve  until 
a  pressure  of  1 5  psig  is  maintained  at  the 
condenser  inlet.  Turn  the  range  screw  clockwise 
until  the  'switch  contacts  open,  then  turn  the 
screw  counterclockwise  slowly  until  the  contacts 
close.  Slowly  shut  off  the  w^ater  supply, 
decreasing  the  pressure.  The  contacts  should 
open  at  5  psig. 
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TbennofiUtic  Expansion  Valve 

The  thermostatic  expansion  valve  is 
generally  factory  set  and  seldom  needs 
a4iustmcnt.  The  design  and  construction  of 
expansion  valves  vary  greatly.  Figure  18^21 
shows  a  cross-sectional  assembly  view  of  a  type 
that  is  geneiaily  used  aboard  ship.  Other  designs 
may  have  different  arrangements  for  adjustment* 
sealing,  and  control/ 

When  the  thermostatic  expansion  valve  is 
operating  properly,  the  temperature  at  the 
outlet  side  of  the  valve  is  much  lower  than  that 
at  the  inlet  side.  If  this  temperature  difference 
docs  not  exist  when  the  System  is  in  operation, 
the  valve  seat  is  probably  dirty  and  clogged  with 
foreign  matter. 

Once  a  valve  is  property  adjusted,  further 
adjustment  should  not  be  necessary.  Thcm^jor 
trouble  encountered  can^  usually  be  traced  to  a 
collection  of  moisture  or  dirt  at  the  valve  seat 
and  orifice.  The  symptoms  of  improper  yalve 
operation  should  be  carefully  analyz^  before 


concluding  that  the  valve  'is  out  of  adjustment. 
Once  a  valve  is  properly  adjusted,  additional 
adjustment  should  not  be  necessary  unless 
changes  are  made  to  the  cooling  coil 
arrangement  or  thermal  element  locatidn. 

By  means  of  a  gear  and  screw  aitahgement, 
the  thermostatic  expansion  valve  is  adjusted  to 
maintain  a  sup.e]rheat  ranging,  from 
approximately  4**  io  12"  F  at  the  cooling  coil 
outlet.  The  proper  sui^heat  adjustment  varies 
with  the  design  and  service-operating  conditions 
of  the  valve  and  the  design  of  the  particular 
plant  Increased  spring  presaire  increases- the 
degree  of  superheat  at  the  ' coil  outlet  and 
decreased  pressure  has  the  opposite  effect.  Many 
themiostatic  expansion  valves  are  initially 
adjusted  by  the  manufacturer  to  maintain  a 
predetermined  degree  of  -superheat,  and  no 
■provision  is  made  for  further  adjustments  in 
service. 

If  expansion  valves  are  adjusted  to  give  a 
high  degree  of  superheat  at  the  coil  outlet  or  if 
the  valve  is  stuck  shut,  the  amount  of  refrigerant 
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admitted  to  thtf  cooling  coil  will  be  reduced. 
With  an  insufficient  amount  of  refrigerant,  the 
coil  will  be  ^'starved"  and  will  operate  at  a 
reduced  capacity.  , Compressor  lubricating  oil 
carried  with  the  refrigerant  may  tend  to  collect 
at  the  bottom  of  the  cooling  coils,  thus  robbing 
the  compressor  crankcase  and  providing  a 
condition  whereby  slugs  of  lubricating  oil  may 
be  drawn  back  to  the  compressor.  If  the 
expanaon  valve  is  adjusted  for  ^  too  low  degree 
of  superheat  or  if  the  valve  is  stuck  open,  liquid 
refrigerant  may  flood  from  the  cooling  coils 
back  to  the  compressor.  If  the  liquid  collects  at 
a  low  point  in  the  suction  line  or  coil  and  is 
drawn  back  to  the  co^hpressor  intermittently  in 
slugs,  there  is  danger  of  injury  to  the  moving 
parts  of  the  compressor. 

In  general,  the  expansion  valves  for  air 
conditioning  and  water  cooling  plants 
(high- temperature  installations)  must  be 
adjusted  for  higher  superheat  than  the  expansion 
valves  for  cold  storage  refrigeration  and  ship's 
service  store  equipment  (low-temperature 
installations).  , 


Water  Regulating  Valve 


The  water  regulating  valve  should  be 
adjusted  to  maintain  a  compressor  discharge 
pressure  of  approximately  125  psig.  To  raise  the 
valve  opening  point,  turn  the  adjusting  nuts 
clockwise;  mcreasing  tension  on  the  main  spring. 
Increasing  main  spring  tension  increase^  the 
amount  of  pressure  required  to  open  the  valve. 
Turning  the  adjusting  nuts  counterclockwise 
decreases  the  main  spring  tension,  thereby 
decreasing  the  amount  of  pressure  required  to 
open  the  ^ve.  If  the  ambient  temperature  is 
high,  pressure  (gas)  in  the  compressor  discharge 
line  and  the  condenser  may  remain  higli  and 
cause  the  water  regulating  valve  to  partly  open 
when  the  compressor's  idle.  In  such  instances, 
the  point  of  valve  opehing  should  be  raised  just 
enough  to  cause  the  valve  to  close  during 
compressor  shutdown. 

'  The  valve  can  be  flushed  by  opening  it  with 
an  outside  force;  a  screwdriver  or  similar  tool 
may  be  used  to  force  the  spring  yoke. 


Thermostatic  Switch 

The  thermostatic  switch  which  operates  the 
solenoid  valve  is  similar,  to  the  low-pressure 
"  switch. '  Tubing  connects  a  bellows  in  the 
thermostatic  switch  to  a  thermobulb  in  the 
compartment  being  cooled.  The  thermobulb  and 
tubing  are  chained  with  R-I2  or  some  other 
volatile  Uquid.  Temperature  changes  in  the 
refrigerated  compartment  cause  corresponding 
pressure  changes  of  the  actuating  medium  in  the 
thermobulb-  These  pressure  changes  are 
transmitted  to  the  thermostatic  switch,  through 
the  connecting  tubing.  To  set  or  adjust  the 
cut-in  and  cutout  points  of  the  thermostatic 
switch,  the  same  procedure  is  used  as  in  setting 
and  adjusting  the  low-pressure  switch. 

Automatic  Reducing  Valve 

When  condenser  -  circulating  water  is 
obtained  from  the  firemain,  the  pressure  must 
be  reduced.  For  this  pressure  reduction,  an 
'  automatic  reducing  valve  is  installed  in  the 
branch  line  leading  from  the  firemain  to  the 
condenser.  The  reducing  valve  is  installed  lust 
ahead  of  the  regulating  valve.  The  outlet 
pressure  can  be  varied  by  turning  the  adjusting 
screw,  which  is  locate  under  the  cap.  Turning 
the  adjusting  screw  clockwise  increases  the 
pressure"  applied  by  the  spring  to  the  top  of  the 
diaphragm,  thus  opening  the  valve  wider  and 
increasing  the  outlet  pressure.  Turning  the 
adjusting  screw  counterclockwise  decreases  the 
spring  pressure  on  the  top  of  the  diaphragm, 
thus  tending  to  decrease  the  discharge  pressure. 

TESTING  AND  RENEWING 
COMPRESSOR  DISCHARGE 
AND  SUCTION  VALVES 

An  R-12  compressor  SHOULD  NOT  BE 
OPENED  for  valve  inspection  or  replacement 
until  it  has  been  determined  that  the  faulty 
operation  of  the  system  is  caused  by  improper 
functioning  of  the  valves.  Faulty  compressor, 
valves  may  be  indicated  by  either  an  increase  in 
discharge  temperature  or  decrease^in  the  normal 
compressor  capacity.  Either  the  compressor  will 
fail  to  pump  at  all  or  the  suction  pressure  cannot 
be  pumped  down  to  the  designed  value,  and  the 
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compressor   wiU   run    for   abnormglly  long 
.  intervals    (or    even    continuously).    If  the 
6omprcssor  shuts  down  for  short  periods  (short 
cycles),  the  compressor  valves  may  be  leaking. 

If  the  refrigeration  plant  is  not  operating 
satisfactorily,  it  will  be  best  to  fim  shift  the 
compressor  and  then  check  the  operation  of  the 
pjant.  If  the  operation  of  the  plant  is 
satisfactory  when  the  compressors  have  been 
shifted,  this  indicates  that  the  trouble  was  with 
the  compressor. 

^ . 

The  compressor  discharge  valves  may  be 
tested  by  pumping  down  the  compressor-  to  2 
psig,  then  stopping  the  compressor,  and  quickly 
closing  the  suction  and  discharge  line  valves.  If 
the  dischargj  pressure  drops  at  a  rate  in  excess 
of  3  psi  per  minute  and  the  ciankcase  suction 
pressure  rises,  there  is  evidence  of  compressor 
discharge  valve  leakage.  If  it  is  necessary  to 
remove  the  discharge  valves  with  Ihe  compressor 
pumped  down,  break  the  connection  to  the 
dischaiige  pressure  gsige  to  release  discharge 
pressure  on  the  head,  then  remove  the 
compressor  top  head  and  discharge  valve  plate, 
being  careful  not  to  danfage  the  gaskets. 

If  the  discharge ,  valves  are  defective,  the 
entire  discharge  vaNe  assembly  should  be 
replaced.  Any  attempt  to  repair  the  Valve  would 
probably  involve  relapping  and  would  require 
highly  specialized  equipment.  Except  in  an 
emei:gency,  such  repair  should  never  be 
undertaken  aboard  ship. 

You  can  check  the  compressor  internal 
suction  valves  for  leakage  by  performing  th,ese 
steps: 


■    1.  Start  the 
MANUAL  control 
controller.  ' 


con^^ssor  t\y  using  the 
switch    on    the  motor 


2.  Close,  the  suction  line  stojK  valve 
gradu^y  to  prevent  violent  foaming  of  the 
compressor  crankcase  lubricating  oil  charge. 

3,  Pump  a  vacuum  of  approximately  20 
inches  of  mercury.-  If  this  vacuum  can  be  readily 
obtained,  the  compressor  suction  valves  are 

I  satisfactory. 


Do  not  expect  the  vacuum  to  be  maintained 
after  the  compressor  stops  because  R-12  being 
released  from  the  crankcase  oil  will  c^iise  the 
pressure  to  rise.  Do  NOJ  attempt  to  check 
compressor  suction  valve  efficiency  of  new  R-12 
units  until  after  the  compressor  has  been  in 
-operation  for  at  least  3  days.  It  may  be 
necessary  for  the  Valves  to  wear  in. 

However,  if  any  of  the  compressor  valves  are 
defective,  the  compressor  should  be,  pumped 
down,  opened,'  and  the  valves  inspected. 
Effective  valves  or  pistons  should  be  replaced 
with  spare  assemblies. 


SHAFT  SEALS 


The  first  indication  of  shaft  seal  failuee  is 
excessive  oil  leaking  at  the  shaft.  When  the  seal 
requires  replacement  or  when  signs  of  abnormal 
wear  or  damage  to  the  running  surfaces  are 
present,  a  defmite  reason  for  the  abnormal 
conditions  exists  and  an  inspection  should  be 
made.  It  is  very  important  to  locate  and  correct 
the  trouble,  or  the  failure  will  recur. 

Seal  failure  is  very  often  the  result  of  faulty 
lubrication,  usually  due  to  the  condition  of  the 
crankcase  oil.  Dirty  or  acidic  oil  is  generally 
caused  by  one  or  both  of  the  following 
conditions: 

1 .  Dirt  ojLiereign  material  in  the  system  or 
system  piping.  Dirt  frequently  enters  the  system 
at  the  time  of  installation.  After  a  period  of 
operation,  any  foreign  material  present  in  the 
system  Will  always  accumulate  in  the  compressor 
crankcase,  tending  to  concentrate  -in  the  oil 
chamber  surrounding  the  shaft  seal.  When  the  oil 
contains  grit,  it  is  only  a  matter  of  time  until  the 
highly  finished  running  faces  become  damaged, 
^^using  failure  of  the  shaft  seal.  Xtfhy  time 
/  fdrt-fiign  material  is  found  in  the  lubricating  oil, 
,    the  entire  system  (piping,  valves,  and  strainers) 
should  be  clearied  thoroughly. 
.  \:  Moistun^  ii/requently  the  cause  of  an 
•  acid  conditionTof  the  lubricating  oil.  Oil  in  this 
conditiW,<^will  .g»t    provide  satisfactory 
lubrication/.  ahd:j^  promote  failure  of  the 
compressor  parts-.  If  the  presence  of  moisture  is 
suspected,  a  dryer  should  M  used  when  the 
compressor  is  put  into  operauoh. 
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i 


Removing  Shaft  Seal 

In  the  event  a  shaft  seal  must  be  repaired  or 
renewed,  the  -procedijire  is  ge^i^Uy  as  follows: 

If  the  seal  is  broken'to  the  extent  that  it 
permits  excessive  oil  leakage,  do  not  attempt  to 
pump  the  refrigerant  out  of  tiie  Coippressor 
because  air  (containing  moisture)  will  be  drawn 
into  the  system  through  the  damaged  seal. 
Moisture  in  the  aii"  may  cause  expan^on  valves 
to  freeze.  If  oil  is  leaking  excessively,  dose  the 
cx)mpressor  suction  and  dischar^  valves  and 
relieve  the  pressure  to  the  atmosphere  by 
loosening  a  connection  on  the  compressor 
discharge  gage  line.  If  the  condition  of  the  seal 
permits,  pump  down  the  compressor  as 
explained  earlier  in  this  chapter. 

Next,  drain  and  measure  the  oil  from  the 
compressor  crankcase  so  that  an  equal  amount 
can  be  replaced.  Since  the  oil  contains 
rcfrigeiant,  it  will  foam  while  being  drained.  The 
oil  drain  valve  or  plug  should  be  left  open  while 
you  are  working  on  the  seal  so  that  refrigerant 
escaping  from  the  oil  remaining  in  the  crankfigsc 
will  hot  build  up  pressure  and  unexpectewy, 
blow  out  the  seal  while  it  is  being  removed,  t 

Remove  the  compressor  flywheel  (or 
coupling)  and  carefully  remove  the  shaft  seal 
a^mbly-  If  the  assembly  cannot^  be  readily 
removed^  build  up  a  slight  pressure'  in  the 
compressor  crankcase  by  slightly  opening  the 
compressor  suction  valve,  taking  the  necessary 
precautions  to  support  the  seal  to  prevent  it 
from  being  blown  from  the  a}mpressor  and 
damaged. 


Installing  Shaft  Seal 


When  replacement  is  made,  the  entire  seal 
assembly  should  be  replaced.  The  parts  should 
be  'cleaned  and  replaced  in  accordance  with  the 
manufacturer's  instructions.  ^ 

Wipe  the  shaft  clean  with  a.  cloth.  Do  NOT 
use  a  dirty  or  lint-bear i|ig  cloth.  Unwrap  the 
seal,  b^ing'  careful  not  to  touch  the  bearing 
surface  with  your  handi  Rinse  the  seal  in  an 


app^^ed  solvent^  ^nid  allow  it  to  air-dry,  (Do 


/-NOT  wipe  the  seal  dry,)  EHp  the  seal  in  clean 
refri^rant  oil.  Insert  the  assembly  in  accordance 
with  the  manufacturer's  instructions  and  bolt 
the  seal  cover  in  place,  tightening  the  bolts  . 
evenly.  Replace  the  fly^eel  and  belts  and  add 
the  amount  of  oil  rerriwed;  then  test  the  unit 
for  leaks  by  opening  the  suction  and  discharge 
valves  and  using  a  halide  leak  detector. 


CHARACTERISTICS  OF 
REFRIGERANTS 

Pure  R-12  (CQ^Fi)  is  colorless.  In 
concentrations-  of  less  than  20%  by  volume  in 
air,  R-12  is  odorless;  in  higher  concentrations,  its 
odor  resembles  that  of  carbon  tetrachloride.  It 
has  a  boiling  point  of  -21  °F  at  atmospheric 
pressure.  At  ordinary  temperatures  R-1 2  is  a 
liquid  when  under  a  pressure  of  approximately 
70  to  75  psig. 


Mixtures  of  R-12  vapor  and  air,  in  all 
proportions,  are  nohinitating  to  the  ey^,  nose, 
throat,  and  lungs.  The  refrigerant  will  not  > 
contaminate  or  poison  foods  or  o^hc^'  supplies' 
with  which  it  may  come  in  contact.  The  vapor  is 
nonpoisonous;  it  will  not  support  respiration,* 
however,  and  it  produces  mild  euphoria  whcri  it 
is  ifihaied  in  sufficient,  quantities.  If  R-12 
concentration  becomes  excessive, 
unconsciousness  or  even  death  may  result  due  to 
lack  of  oxygen  to  the  brain.  In  view  of  R-12'5 
low  boiling  point  at  atmospheric  pressure,  you 
must  always  protect  your  eyes^  from  contact 
with  liquid  R-12;  the  liquid  will  freeze  the 
tissues  of  the  eyes.  ALWAYS  WEAR  GOGGLES 
IF  YOU  ARE  TO  BE  EXPOSED  TO  R-12. 

R-12  in  either  a  liquid  or  vapor  state  is 
nonflammable  and  nonexplosive,  R-12  will  not 
corrode    the    mef^s    cbmmonly    used  ^^^in 

refrigerating  systems. 

*  ' 

^  One  REMOTE  health  hazard  could  exist  if 
leakage  of  a  laige  amount  of  R-12  vapor  came  in 
direct  contact  with  an  open  flame  of  high 
temperature  (about  1,000°F)  and  decomposed. 
To  be  a  health 'hazard,  the  leakage  of  R-12  must 
be  within  a  confined  and  poorly  ventilated  space 
and  the  vapor  must  come  in  contact  with  a 
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high-temperdture  flame.  When  these  conditions 
exist,  however,  the  products  of  decomposition 
are  pungent  and  irritating,  rendering  them 
noticeable  even  when  present  only  in  minifte 
quantities;  ample  warning  is  available  before 
concentrations  dan^rous  to  health  are  reached. 

R-I2  is  a  stable  compound  capable  of 
undergoing  (without  decomposition)  tiie 
physical  changes  required  of  it  in  refrigeration 
service.  It  is  an  excellent  solvent  and  has  the 
ability  to  loosen  and  remove  all  particles  of  dirt, 
scale,  and  oil  with  which  it  comas  in  contact 
within  a  refrigerating  syst«im. 

R-22  (CHCIF3)  and  R-ll  (CCI3F)  are 
colorless,  nonexplpsive,  nonpoisonous 
refrigerants  with  many  properties  similar  to 
those  of  R-I2. 

f  .  1 

SAFETY  PRECAUTIONS 


Refrigerants  are  furnished  in  cylinders  for 
use  in  shipboard   refrigeration  systems.  The 
following  precautions  MUST  BE  OBSERVED  in 
^he  handlin|,  use,  and  storage  of  these  cylinders: 

1.  NEVER  drop  cylinders  nor  permit  them 
to  strike  each  other  violently. 

2.  NEVER  use  a  lifting  magnet  or  a  sling 
(rope  or  chain)  when  handling  cylindqfs.  A  crane 
may  be  used  if  a  safe  cradle  or  platform  is 
provided  to  hold  the  cylinders. 

3;  Caps  provided  for  valve  protection  must 
be 'kept  on  cylinders  except  when  the  cylinders 
'  are  being  used. 

4.  Whenever  refrigerant  is  discharged  from 
a  cylinder,  the  cylinder  should  be  weighed 
immediately  and  the  weight  of  the  refrigerant 
remaining  in  the  cylinder  should  be  recorded. 

5.  NEVER  attempt  to  ^mix  gases  in  a 
cylinder. 

6.  NEVER  put  the  wrong  refrigerant  into  a 
refrigeration  system!  No  refrigerant  except  the 
one  for  which  a  system  was  designed  should  ever 
be  .  introduced  into  the  system.  Check  the*" 
equipment  nameplale  or  the  manufacturer's 
technical   manual   to   determine   the  proper 


refrigerant  type  and  charge.. Putting  the  wrong 
refrigerant  into  a  system  may  cause  a  violent 
explosion.  ♦ 

7.  When  a  cylinder  has  been  emptied,  close 
the  cyliiider  valve  immediately  to  prevent  the 
entrance  of  air,  moisture,  or  dirt.  Also,  be  sure 
to  replace  the  valve  protection  cap. 

8.  NEVER  use  cylinders  for  aily  purpose 
other  than  their  intended  purpose.  Do  NOT  use 
them  as  rollers,  supports,  etc. 

9.  Do  NOT  tamper  with  the  safety  devices 
in  the  valves  or  cylinders.  , , 

-  .  lOi  Open  .cylinder  valves  slowly.  NEVER  use 
.wrenches  or  other  tools  except  those  provided 
by  the  manufacturer. 

1 1 .  Be  sijre  that  the  threads  on  regulators  or 
other  connections  are  the  same  as  those  on  the 
cyliader  valve  outlets.  NEVER  force 
connections  that  do  nm  fit. 

12.  Regulators  and  pressure  gages  provided 
for  use  with  a  particular  gas  must  NOT  be  used 
•n  cylinders  containing  other  gases. 

13.  NEVER  attempt  to  repair  or  alter 
cylinders  or  valves.   ,  ' 

14.  NEVER  mi  R.12  cylinders  beyond  85% 
capacity.  ' 

1 5.  Store  cylinders  in  a  cool,  dry  place,  in  an 
tJPRIGHT  poation.  If  the  cylinders  are  exposed 
to  excessive  heat,  a  -dangerous  increase  in 
pressure  will  occur.  If  cylinders  must  be  stored 
•in  the  open,  ensure  that  they  are  protected 
against  extremes  of  weather.  .NEVER  allow  a 
cylinder  to  be  Subjected  to  a  temperature  above 
125^F.. 

16.  NEVER  allow  R-12  to  come  in  contact 
with  a  flame  or  red-hot  metal!  When  exposed  to 

'  excessively  high  temperatures,  R-12  breaks 
down  into  PHOSGENE  gas,  an  extremely 
POISONOUS  substance. 

Because  R-12  is  such  a  powerful  freezing 
agent  that  even  a  very  smkil  amount  can  freeze 
.  the  delicate  tissues  of  the  eye,  causing 
permanent  damage,  it  is  essential  that  goggles  be 
-worn  l^  all  personnel  who  may  be  exposed  to  a 
refrigerant,  particularly  in  its  liquid  form.  If 
refrigerant  does  get  into  the  eyes,  the  person 
suffering  the  injury  should  receive  INfMEDIATE 
medical  treatment  to  avoid  permanent  damage 
to  the  eyes.  In  the  meantime,  put  drops  of  clean 
olive  oil,  mineral  oil,  or  other  noftirritating  oil  in 
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the  eyes,  and  MAKE  SURE  that  the  person  does 
NOT  rub  his  eyes.  CAUTION:  Do  NOT  Use 
anything  except  clean,  nonirtitating  oil  for  this 
type  of  eye  injury.  - 

If.R-l2  comes  in  contact  with  the  skin,  it 
may  cause  'frostbite.  This  injury  should  be 
treated  as  any  other  cause  of  frostbite.  Immerse 
the  affected  part  in  a  warm  bath  for  about  10 
minutes,  then  dry  carefully.  Do  NOT  rub  or 
massage  tfie  affected  area. 


Although  R-1 2  is  generally  classed  as 
nontoxic,  It  IS  dangerousan  high  concentrations 
such  as  might  occur  from  ext^ssive  R-H  leakage 
in  a  confined  or  poorly  ventilated  space  due  to 
lack  of  oxygen.  If  a  person  should  be  overcome 
by  R-1 2,  move  him  or  her  IMMEDIATELY  to  a 
well-ventilated  place  and  get  medical  attention 
at  the  earliest  opportunity.  Watch  the  victim's 
breathing;  if  there  are  no  signs  of  breathing, 
begin  artificial  respiration. 
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AIR  CONDITIONING 


Air  -tonditibning  is  a  field  of  engineering 
dealing  with  the  design,  construction,  and 
operation  of  equipment  used  in  establishing  and 
maintaining  dtKirable  indoor  air  conditions.  It  is 
the  science  of  maintaining  the  atmosphere  of  an 
enclosure  at  any  required  terfiperature, 
humidity,  ^nd  purity.  As  such,  air  conditioning 
invdives  the  cooling,  heating,"  dehumidifying, 
ventilating,  and  purifying  of  air. 

This  chapter  covers  the  principal  factors 
involved  in  ihe  conditioning  of  air;  the  type  of 
equipment  used  in  ventilating,  cooling,  an^ 
heating  -the  air;  and  geiieral  information 
concerning  the  maintenance  of  air  conditioning 
equipment.  Additional  informatioi)  may  be 
obtained  from  chapter  510  of  the  N A  VSHIPS' 
Technical  Manual. 


PURPOSES  OF  AIR 
'  CONDITIONING  A^D 
RELATED  FACTORS 

One  of  the  thief  purposes  of  aSr  conditioning 
-    aboard  ship  is  to  .Jkeep  the  crew  alert  and 
physically -fit.  The*  human  body  cannot  long 
maintain  a  high  level  of  efficiency  under  adverse 
air    conditions.    Many    diffesent  .types  of 
compartments  must-  be  kept  at  a  prescribed 
*  tempefalure  with  proper -circulation  and' must 
contain    proper    moisture    content,  correct 
'proportion  of  oxygen,  and  no^more  than  an 
acceptable  level  of  air  contamination  (dust, 
airborne,  dirt,  etc). 

.The  -comfort  and  -fitness  of  the  crew  is  only 
.    one-  purpose  of^  air  conditioning,  Mechaiiical 
cooling  or  ventilation  must  also  be  provided  in 
-AMNfUNITION    SPACES    to  prevent 
deterioration  of  ammunition  components;  in 


GAS  STORAGE 'SPACES  to  prevent  excessive'' 
pressure  buildup  in  containers  and 
•  cjoritamination  in  the  space  caused  by  gas 
leakage;  and  in  ELECTRICAL/ELECTRONIC 
EQUIPMENT  SPACES  to  maintain  the  ambfcnt 
(encompassing)  temperature  and  humidity  as 
speci^ed  for  the  equipment. 

The  principal  factors  in^  connection  with 
achieving  the  dbjectiveg  of  ait.  conditioning  are 
humidity, 'heat  of  air,  temperature;  body  heat 
balance,  the  effect  of  air  motion,  and  the 
sensation  of  comfort. 

HUMIDIty 

Humidity .  is  'the  vapor  content  of  the 
atmosphere,  and"  it  has  a  great  influen6e  on 
hunlan  comfort.'  The  common  expression,  "It 
isn't  the  heat,  its  the*  humidity,"  indicates  an 
awareness  of  the  discomfort  ,  produced  by 
moisture-laden  air  in-  hot  weather.  Extxemely 
low  moisture  content  also  has  undesirable 
effects  on  the- human  body^  The  measurement 
and  control  of  the  moisture  content  of  the  air  is 
an  important  phase  of  air  conditioning 
engineering.  To  understand  this'  ph|se  of  air 
conditioning  engineering,  you  should  become 
familiar  with  the .  meaning  of  saturated  air, 
absolute^  and  specific  humidity,  and  relative 
humidity,    •     '  '  - 

Saturated  Air  '  ■  , 

Air  can  hottd  varying  amounts  of  water 
vapor,  depcnd^g  on  its  temperature  (at  a  given 
atmospheric  pressure).  As  temperature  rises,  the 
amount  of  moisture  that  the'*air  can  hold 
increases  (if  there  is  no  change  in  atmospheric 
pressure).  But  for  every  temperature  there  is  a 
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definite  limit  to  th^  amount  of  moisture  that  the 
air  is  capable  of  holding.  When  air. contains  the 
maximum  amount  of  moisture  that  it  can  hold 
at  a  specific  temperature  and  pressure,  it  is  said 
to  be' saturated* 

The  saturation   point  is  usually  called  the 
DEWPOINT.  If  the  temperature  of  saturated  air 
falls  below,  its  dewpoint,  some  of  the,  water  * 
vapor  in  the  air  must  condense  to  water.  The 
dew  that  appears  on  decks  and  bulkheads  in  the 
early    morning,   when   there   is  a   drop  in 
temperature,    is   such,  a   condensation^  The 
"sweating"  ofScold  water  pipes  fs  the  r^lt  of  ' 
water   vapor   from   the   relatively  *  warm  air 
condensing  on  the  cold  surface  of  the  pipes' 

Absolute  and  SpeciHc  Humidity  ' 

The  amount  of  water  vapor  in  the  air  is 
expressed  in  terms  of  weight  of  the  moisture. 
The  weight  is  usually  given  in  grains  -(7,000 
grains  equal  4  pound).  Absolute  humidity  is  the 
weight  in  grains  of  water  vapor  per  cubic  foot  of 
air.  Specific  humidity  is  the  weight  in  grains  of 
water  vapor  op r  pound  of  air.  (The  weight  of 
water  vapor  r^ers  only  to  moisture  in  the  vapor 
state ^  and  not  in  any  way  to  the  moisture  that  - 
may  be  present  in. the  liquid  state,  suchj^  rain 
or. dew.) 

Relative  Humidity 

Relative  humidity  is  the  ratio  of  the  weight 
of  water  vapor  in  a  jam  pie  of  air  to  the  weight 
of  water  vapor  the  ^ne  sample  of  air  woufd 
contain  if^saturated  at  the  existing  temperature. 
This  patio  is  usually  stated  as  ^  percentage.  For 
exampje,  when  air  is  fully  saturated,  its  relative 
humidity  is  100^^  When  air  contains  no 
moisture  at  all,  its  relative  humidity  is  0%.  t^air 
is  half  saturated,  the  relative  humidity  is  50%. 

Insofar  as  humidity  is  concerned,  the 
deciding  factor  in  human  comfort  is  the  relative 
humidity,  not^  the  absolute  or  specific  humidity. 

Just  as  heat  travels  from  regions  of  hi^er 
temperature  to  regions  of  lower  temperature, 
moisture  always  travels  from  regions  of  Jiigher^ 
vapor    pressure   to   regions   of  lower  vapor  \ 
pressure.  If  the  air  above  a-iJIjuid  is  saturated,  ^ 
the  two  arc  in  equilibrium  (balance)  and^o 
moisture  c^n  travel  from  the  liquid  to  the  airT^ 


that  is,  the  liquid  cannot  evaporate.  If  the  ai^ 
only  partially  saturated,  some  moisture  ca^ 
travel  to  the  air;  that  is,  some  evaporation  can 
take  place,  ^  ^ 

If  the  specific  humidity  of  the  air  is  120 
grains  per  pound,  1^  grains  is  the  actual  weight 
of  the  water  vapor'  in  the  air.  When  the 
temperature  of  the  same  air  is  76''F  (24,4°C) 
and  the  relative  humidity  is  pearly  90%,  the  air 
is  nearly  saturated!  At  such  a  relative  humidity, 
the  body  may  perspire"  freely,  but  the 
perspiration  does  not  evaporate  rapidly ;  thus 
a  general  feeling  of  discomfort  results. 

However,  when,  the  temperature  of  the  same 
air  is  Se'^F  (30°Cltlie  relative  humidity  would 
then  be  only  64%.  That  ^,  although  the  absolute 
amount  of  moisture  in  the  air  is  the  same,  the 
relative  humidity  is  lower,  because  at  86° F 
(SO'^C)  the  air  is  capable  of  holding  more  water 
vapor  than  it  can  hold  at  76°F  (244°C).  The 
body  is  now  '  able  to  evaporatfe  tts  excess 
moisture  and  the  general  feeling  is  much  more 
agreeable,  even  though  the  temperature  of  the 
air  is  lO'^F  (5 /6°C>  higher.  (The  coojing  effect 
on  the  body  is  brought  about  by  the  absorption 
of  latent  heat  during  the  evaporating  process.) 

In  both  examples,  the  specific  humidity  is 
the  same,  but  the  ability  of  the  air  to  evaporate 
liquid  is*  quite  different  at  the  two  temperatures- 
The  ability  to  evaporate  moisture  is  directly 
indiqated  by  the  relative  humidity.  This  is  the. 
reason  that  the  control  of  relative  humidity  is  of 
extreme  importance  in  air  conditioning. 

HEAT  OF  AIR 

The  heat  qf  air  is' considered  from  three 
standpoints -sensible,  latent,  and  total  heat. 

  SENSIBLE  HEAT  Is  the  amount  of  heat 

which,  when  added  to  or  removed  from  air, 
changes  tlje  temperature  of  the  air.  Sensible  heat 
changes  can  be  measu/ed  by  the  common  (or  a 
dry -bulb)  thermometer.  ,  * 

Air  always  contains  some  water  vapor.  Any 
water  vapor  in  tlie  air  contains  the  LATENT 
Hfc^T  OF  VAPORIZATION.  (Remember  that 
the  amount'of  latent  heat  present  has  no  effect 
upon  the  temperature  of  the  air,  and  it  cannot 
be  measured  with  a  dry-bulb  thennonieter.) 

Any  mixture  of  dry  air  afld^water  vapor 
contains  botji  sensible  and  latent  heat.  The  sum 
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of  the  senable  heat  and  the  latent  heat  in  any 
sample  of  air  is  called  the  TOTAL  HEAT  of  air. 

,  T^PERATURES 

to  test  the  effectiveness  ^f  air  conditioning 
eqiiipmeftt  ajici  to  check  the  humidity  of  a 
space,  two  different  temperatures  are 
considered.  These  are  the  dry-buib  and  wet-bulb 
temperatures. 

Measurement  of  Temperatures 

The  DRY-BULB  TEMPERATURE  is  the 
temperatuffe  of  sensible  heat  of  the  air,  as 

^  measured  by  an  ordinary  thermometer.  Such  ^ 
thermometer  in  air  conditioning  engineering  is 
referred  to  as  a  dry-bulb  thermometer  because 
its  sensing  bulb  is  dry,  in  contrast  with  the 
wet-b.ulb  type  described  next. 

The^  WET-BULB  TEMPERATURE' is  best 
explained  by  a  description  of  a  wet-bulb 
thermometer.  It  is  a  dry-bulb  thermometer  with 

^  ,  a  loosely  woven  cloth  sleeve  'or  wick  placed 
around  its  bulb  which  is  then  wet  with  distilled 
water.  The  water  in  the  sleeve  or  wick  is  caused 
to  evaporate  by  a  current  of  air  (see  next 
paragraph)  at  high  velocity.  This  evaporation 
withdraws,  heat  from  the  thermometer  bulb, 
lowering  the  temperature  by  several  degrees.  The 
difference  between  the  dry-bulb  and  the^ 
wet-bulb  temperature  is  called  the  wet-bulb 
depression.  When  tte  wet-bulb  temperature  is 
the  same  a^  the  dry-bulb  temperature,  air  is 
saturated  (that  is,  when  evapor-ation  cannot  take 
place).  The  condition  of  saturation  is  unusual, 
however,  and  a  wet-bulb  depression  is  norpiaily 
expected. 

The  wet-bulb  and  dry-bulb  thermometers  are 
usually  mounted  side  by  side  on  a  frame  that  has 
a  handle  or  short  chain  attached  so  that  the 
•  thermometers  can  be  whirled  in  the  air,  thus 
providing  a  high- velocity  air  to  promote 
evapor^^tion.  Such  a  device  is  known  as  a  SLING 
PSYCHROMETHR.  When  using^  a  sling 
psychrometer,  whirl  Jt  rapidly,  at  least  four 
times  per  second.  Observe  the  wet-bulb 
temperature  at  intervals.  The  point  at 'which 
there  is  no  further  drop  in  temperature  is  the 
wet-bulb  temperature  for  that  space. 


MOTORIZED  PSYCHROMETERS 

small  motor-driven  fan  powered  by 
batteries.  Motorize  psychrometers  are  genei 
preferred  4md   are  gradually  replacing  sling 
psychrometers. 

Relationships  Between  th^'Tonperatures 

The  definite  relationships  between  .the  three 
temperatu  res  — dry-bulb,  wet-bulb, 
dewpoint-shduld  be  clearly  understood. 

1 .  When  the  air  contains  some  moisture  but 
is  not  saturated,  the  dewpoint  temperature  is 
lower  than  the  dry-bulb  temperature,  and  the 
wet-bulb  temperature  lies  between  them. 
;  2.  As  the  amount  of  moisture  in  the  air 
increases,  the  difference  between  the  dry-bulb 
temperature  and  wet-bulbvv  temperature  will 
become  less.  ^ 

3.  .When  the  air  is  saturated,  all  three 
temperatures  will  be  the  same. 

BODY  HEAT  BALANCE 

Ordinarily  the  human  body  remain! 
fairly  constant  temperature  of  98.6''F  (37°C).  It 
is  very  important  that  this  body  temperature  be 
maintained  a"nd,  since  there  is  a  continuous  heat 
gain  from  internal  body  processes,-  there  must 
also  be  a  continuous  outgo  to  maintain  body 
•hea^ 'in  balance.  ^Excess  heat  must  be  absorbed 
by  the  surroundirm  air  or  lost  by  radiation.  As 
the  temperatur^  and  humidity  of  the 
environment  v^iy ,  the  body  automatically 
regulates  the  amount  of  heat  that  it  gives  off. 
However,  the  body's  ability  to  adjust  to  varying 
environmental  conditions  is  limited. 
Furthermore,  although  the  bx)dy  may  adjust  to  a 
certain  (limited)  range  of  atmospheric 
conditions,  it  does  so  with  a  distinct  feeling  of. 
discomfort.  The  discussion  which  follows  will 
help  you  understand  how  atmospheric 
conditions  effect  the  body's  ability  to  maintain 
a  heat  balance. 


Body  Heat  Gains 

The  body  gains  heat  (1 )  by  radiation,  (2)  by 
convection,  (3)  by  conduction,  and  (4)  as  a 
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by-product  of  physidogicai  processes  that  take 
place  witMn  the  body. 

The  heat  gain  by  radiaticn  comes  tiom  our 
surroundings  but,  since  heat  always  travels  from 
/  regions  of  higher  temperature  to  regions  of 
lower  tempejature,  the  body  receives  heat  from 

*  those  surroundings  that  have  a  temperature 

*  higher  than  body  surface  temperature.  TThe 
greatest  sour<xs  of  heat  radiatic^  is  the  sun. 
Sources  of  indoor  t^at  radiation  are  heating 
devices,  operating  machinery,  hot  steam  piping,' 

'  etc.  . 

The  heat  gain  by  convection  comes  from 
currents  of  heated  air  only.  Such  currents  of  air 
may  come  from  a  galley  stove  or  ^  engine. 

nie  heat  gain  by  conduction  comes  from 
objects  with  which  the  body,  from  time  to  time, 
is  in  contact, 

Most  body  heat  comes  from  within  the  body 
itself.  Heat  is  produced  continuously  inside  the 
body  by  the  oxidation  of  foodstuffs  and  by 
other  chemical  proceskis,  by  friction  and  tension 
within  the  mujicle  tissues,  and  by  other  causes  as 
yet  not  completely  identified. 

Body  Heat  Lipases 

There  are  two  types  of  body  heat  losses:  loss 
of  sensible  heat  and  loss  of  latent  l^at.  Sensible 
heat  is  given  off  by  (1 )  radiation,  (2)  convection, 
and  (3)  conduction.  Latent  heat  is  given  pff  in 
the  breath  and  by  evaporation  of  perspiration. 

The  body  is  usually  at  a  higher  temperature 
than  that  of  its  surroundings  and,  therefore, 
radiates  heat  to  b^y[^eads,  decks,  and 
equipment.  This  action  is  c^ed  heat  radiation 
loss.  The  temper^tfire  of  the^  air  does  not 
influence  this  radiation,  except  as  it  may  alter 
the  temperature  of  such  surroundings. 

Heat  loss  by  conyection  occurs  when  the 
heat  is  carried  away  from  the  body  by 
convection  (heated)  currents,  both  by  tlie  air 
coming  out  of  the  lungs  and  by  exterior  air 
currents. 

Heat  loss  by  conduction  is^caused  by  bodily 
contact  with  colder  objects  or  substances.  Since 
the  body  is  usually  at  a  hi^er  temperature  than 
that  of  its  surroundings,  it  gives  up/ heat  by 
conduction  through  physical  contact  with  its 
surroundings. 
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When  the  air  temperature  and  relative 
humidity  are  not  too  hi^  and  when  the  body  is 
not  too  active,  the  body  gets  rid  of  its  excess 
heat  by  radiationi  conyection,  conduction,  and  a 
slight  amount  of  perspiration.  When  engaged  in 
work  or  exercise,  the  body  develops  much  more 
internal  heat,  and  perspiration  increases.  If  the 
relative  humidity  is  low,  j^rspiration  rapidly 
evaporates*  As  the  perspiration  evaporates,  the 
body  loses  additional  iKat  (latent  heat  of. 
vaporization).  However,  if  the  relative  humidity 
of  the  air  is  hi^,  the  moisturs-cannot  evaporate, 
or  it  does  so  at  a  slow  rate;  hence,  the  'excess 
heat  carmot  be  removed  fast  enough  by 
evaporation  and  discomfort  follows. 

The  amount  of  heat  given  off  by  the  body 
^varies  according  to  the  body's  activity.  When 
seated  at  rest^  the  average  adujt  gives  off  about 
95  calories  or  380  Btu  per  hour.  Doing  routine 
work  in  a-  ship,  an  adult  gives  off  an  average  of 
126  to  151  calories  or  500  to  600  Btu  per  Ijour. 

During  light  work  in  a  ship,  particularly  cm  a 
submarine,  research  has  shown?  that  the  tpta! 
amount  of  body  heat  loss  ^s  d^pded  as  follows: 
About  45%  by  radiation,  30%  by  ccmvection  and 
conduction,  and'25%  by -evaporation. 

EFFECT  OF  AIR  MOTION 

V 

In  perfectly  still  air,  the  layer  of  air  around  a 
body  absorbs  the  sensible  heat  ^ven  off  by  the 
body  and  increases  in  temperature.  The  layer  of 
.air  also  absorbs  some  of  the  water  vapor  given 
off  by  the  body,  thus  increasing  in  relative 
^  humidity.  This  means  the  body  is  surrounded  by 
an  envelope  of- moist  air  which  is  at  a  higher 
temperature  and  relative  humidity  than  the^ 
ambient  air.  Therefore,  the  amount  of  heat  that 
the  body  can  lose  to  this  envelope  is  less  than 
the  amount  it  can  lose  to  the  ambient  air.  When 
the  air  is  set  in  motion  past  the  body,  the 
envelope  is  continually  being  removed  and 
'replaced  by  the  ambient  air,  thereby  increasing 
the  rate  of  heat  loss  from  the  body.  When  the 
increased  hfiat  Joss  improves  the  heat  balance, 
the  sensation  of  a  **breeze"  is  felt;  when  the 
increase  is  exc^essive,  the  rate  of  heat  loss  makes 
the  body  feel  cool  and  the  sensation  of  a  **draft'* 
is  felt. 
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SENSATION  OF  COMFORT  * 

From  the  foregoing  discussion,  it  is  evident 
that  the  three  factors- temperature,  humidity,^ 
and  air  motion -are  closely  interrelated  in  their 
effects  upon  comfort  and  heiiith  of  personnel 
aboard  ship.  In  fact,  a  given  comfjination  of 
temperature,  humidity,  and  air  motion  ^will 
produce  the  same  feeling  of  warmth  or  coolness 
,  as 'a  higher  or  lower  temperature  in  conjunction 
with  a  compensating  humidity  and  air  motion. 
The  term  givfen  to  the  net  effect  of  these  thcge 
factors  is  EFFECTIVE  TEMPERATURE^ 
Effective  temperature  cannot  be  measured  by 
any  instrument,  but  can  be  found  on  a  special 
psychrometric  chart  when  the  wet-bulb  and 
dry-bulb  temperatures  and  the  air  velocity  are 
known. 

Although  all  of  the  combinations  of 
temperature,  relative  humidity,  and  air  motion 
of  a  particular  effective  temperature  may 
produce  the  same  feeling  of  warmth  or  coolness, 
they  are  NOT  all  equally  comfortable.  Relative 
humidity  below  15^^?  produces  a  parched- 
condition  of  *the  mucous  membranes  of  the 
mouth,  nose,  and  lungs  and  increases 
susceptibility  'to~  disease  germs.  Relative 
humidity  above  70%  causes  an  accumulation  of 
moisture  in  clothing.  For  best  health  conditions, 
a  relative  humidity  ranging  from  40%  to  50%  for 
cold  weather  and  from  50%  to  60%  for  warm 
weather,  is  desirable.  An^overall- range  from  30% 
to  70%  is  acceptable! 


AIR  CONDITIONING 
EQUIPMENT 

Each  ship  generally  has  an  organization 
responsible  for  the  operation  and  inspection  of 
ventilating,  heating,  and  cooling  equipment.  As 
an  Engineman,  you  may  be  a  part  erf  such  an 
organization  and  should  be  familiar  wim  certain 
elejncnts  of  ship's  air  conditiohing  equipment. 

VENTILATION  EQUIPMENT 

Since  proper  circulation  is  the  basis  of  all 
ventilating  and  air  conditioniRg  systems  and 
related  processes,  we  shall  first  con^dder  methods 
used   aboard   ship   to  circulate  ^  air.  In  the 


following  sections  you  will  find  information  on 
shipboard  equipment  used  to  supply,  circulate, 
and  distribute  fr^  air,  and  to  remove  used, 
polluted,  and  overheated  air. 

Fans  used  in  Navy  ships  in  Conjunction  with 
supply  and  exhaus^  systems  are  divided  into  two 
general  classes:  axial  flow  and  centrifugal.  Most 
fans  in  duct  systems  are  of  the  axial  flow  type 
because  they  generally  require  less  spa«J  for 
installation.  • 

Centrifugal  fans  are  generally  preferred  for 
exhaust  systems  that  handle  exploave  or  hot 
gases.  The  motors  of  these  fans,  being  outside 
the  air  stream,  cannot  ignite  the  explosiw  gases. 
The  drive  motors  fbr  centrifugal  fans  are  subject 
to  overheating  to  a  lesser  degree  than  are  motors 
of  vane-axial  fans. 


Vane-A^ial  Fans 

Vane-axial  fans  (Fig.  19-1)  are  high-pressure 
fans,  generally  installed  in  duct  systems.  They 
have  vanes  at  the  discharge  end  to  straighten  out 
rotational  air  motion  caused  by  the  impeller. 
The  motors  for  these  fans  are  cooled  by  the  air 
in  the  duct  and  wOl  overheat  if  operated  with 
the  air  supply  to  the  fan  shut  off 


Tube- Axial  Fans 


Tube-axial  fans  are  low-pressure  fans  usually 
installed  without  duct  work.  However,  they  do 
have  sufficient  pressure  for  a  short  length  of 
.  duct. 


Centrifugal  Fans 

Centrifugal  fans  (part  A  of  fig,  19-2)  are 
used  primarily  for  exhausting  axplodve  or  hot 
gases.  However,  they  may  be  used  in  lieu  of 
axial-flow  fans  if  they  work  in  better  with  the 
arrangement  or  if  their  pres^e-volume 
characteristics  suit  the  installation  tsgnef  than  an 
axiaJ-flow  fan.  Centrifugal  fans  are  also  used  in 
some  fan-coil  assemblies. 
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Fifluri  19-1.-Van«-axial  wntilatmg  fan:  A.  Extarjor  vipw.  B.  Cutawy  viaw.  C.  Cutaway  viaw  of  tha  fan  motor- 


Portable  Fans 

Portable  fans  (part  B  of  Hg.  19-2)  with 
flexible  airhoses  arc  used  aboard  ship  to 
ventilate  compartments  during  and  after 
painting,  to  exhaust  flammabie  or  toxic  gases 
from  dosed  spapes  and  tanks,  and  to  cool  hot 


spots  around  machinery  during  repairs.  This 
type  of  fan  is  often  referred  to  as  a  **Red  Devir' 
blower. 

Most  portable  fans  are  the  axial-flow  type, 
driven  by  electric,  ''explosion-proof*  motors.  In 
ships  carrying  gasoline,  a  few  air  turbine-driven 
centrifugal  fans  are  normally  provided.  Greatex( 
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confidence  is  placed  in  the  ex  plosion -proof 
characteristics  of  these  fans. 

Waterproof  Ventilation 

The  waterproof  ventilator,  shown  in  figure 
1 9-3,  consists  of  an  outer  housing,  an  inner 
ventilator  shaft  extending  up  to  the  outer 
housing,  and  a  bucket-type  clc^ure  supported 


^  over  the  ventilator  shaft  by  a  compression 
spring.  The  bucket  has  drain  tubes  which  extend 
into  a  sui^p  between  the  ventilator  shaft  and  the 
outer  hok^sing.  The  sump  has  sclipper  valves 
which  drain  onto  the  weather  deck. 

The  ventilator  operates  automatically  and  is 
normally  open.  Small  quantities  of  Water,  which 
^nter  the  ventilator,  fall  into  the  bucket  and 
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Figurt  IS-S.-Wattrproof  ventilator:  A.  Exttrtor  vitw.  B.  Cutavray  view. 
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drain  out  through  the  drain  tubes  and  scuppers. 
In  h&avy  seas,  when  water  enters  the  bucket 
faster  than  it  drains  out,  the  weight  of>water 
■  forces  llw  bucket  down  agginst  the  top  of  the 
ventiljiilbr  shaft.  Thus,  a  watertight  seal  is 
formed  and  maintained  until  sufficient  water 
drains  out  to  permit  the  force  of  the  spring  to 
raise  the  bucket  to  the  open  position.  Normally, 
some  provision  is  made  so  that  the  ventilator  can 
also  be  closed  manually.  With  sli^t  variations  in 
construction,  ventilation  of  this  tyj)ejpay  be 
used  for  both  the  supply  and  exhaust 

Bracket  Fans 

Bracket  fans  m  usedT  in  hot  weather  to 
provide  local  circulation ./'hese  fans  are  usually 
installed  in  living,  hosm/ai,  office,  commissary, 
supply,  and  berthjifg  spaces.  Where  air 
conditioning  systenij/are  used,  bracket  fans  are 
.  sometimes  used  acilitate  proper/^circulation 
and  direction  of^old  air. 


Exhausts 


Exhaust  systems  are  used  to  remove  heat 
and  objectionable  odors  iit  their  source. 
Machinery  spaces,  laundries /mid  galleys  are  but 
a  few  of  the  spaces  aboard  ship  where  exhausts 
are  used.  ^  ^ 

Most  exhausts  used  '  in  Navy  ships  are 
mechanical  although  natural  exhausts  are 
sometimes  provided  in  ship's  structures  and  on 
small  craft. 

COOLING  EQUIPMENT 

r 

On  most  newer  sliips,  ahnost  ali  working  and 
living  spaces  aa*  air  conditioned.  .To  determine 
which  equipment  will  most  effectively 
dehumidify  and  lower  the  ,  temperature  of 
compartment  air.  the  Navy  has  tested  several 
types  of  environmcntai  control  systems. 
Basically,  these  systems  are  refrij^jrant  systems; 
their  design  and  construction  are  dependent  on 
the  characteristics  of  the  cooling  element 
circulated  through  the  system  and  on  the 
principle  of  operation  utilized. 

Coolini?  systems  can  be  broadly  classified, 
according  to  the  cooling  agent  circulated  to  the 

Rir  ^ 


space  to  be  cooled,  as  chilled-water  cirf:ulating 
systems  and  refrigerant  circuliiting  systems, 

,     :        ■   A  . 

Refrigerant  Circulating  System 
(Vapor  Compression) 


The  refrigerant  circulating  system  (fig.  19-4) 
^  is  essentially  a"  shipboard  refrigerating  plant, 
consisting  of  a  compressor,  condenser,  cooling 
coils,  fan,  air  filter,  and  the  necessary  controls. 
R-I2  is  the  refrigerant  and  cooling  agent  used  in 
systems  of  this  type. 

Starting  at  the  space  to  be  cooled,  the  air 
conditioning  cycle  (fig.  19-5)  is  as  follows:  The 
hot,  moist  ait  from  the  space  is  drawn  through^a 
duct,  or  passageway^  where  it  mixes  with  fres 
air  drawn  in  from  the  outside.  The  fan  is  locate*? 
to  blow  air  over  the  cooling  coil;  the  refrigerant 
inside  the  coil  cools  the  coil  surfaces.  The  cold 
surface  absorbs  the  heat  from  the  air  passing 
over  it  causing  some  of  the  moisture  in  the  air  to 
condense.  The  condensed  moisture  drips  off  into 
a  pan  below  the  coil  and  is  carried  away  by 
piping.  The  cooler,  drier  air  leaving  the  coil  is 
blown  into  the  compartment  that  is  being  air 
conditioned,  where  it  absorbs  the  excess  heat 
and  moisture  in  the  space,  and  is  then  returned 
to  the  cooling  coil  by  the  ventilation  system.  Air 
is  exhausted  from  the  space  to  allow  fresh  air  to 
be  drawn  into  the  space. 

In  general,  the  machinery  ai;d  piping 
arrangements  of  the  ship's  refrigeratio^^stem 
and  the  re  frige  runt-circulating  air  conditioning 
system  are  similar. 

Operating  suction  pressures  and  evaporator 
temperatures  used  in  air  conditioning  systems 
arv -^normally  higher  than  those  in  refrigeration 
systems.  The  difference  in  suction  pressure  in 
each  system  results  in  a  difference  in  the  rated 
capacity  c^T  the  pmpressor  used  in  each  of  the 
systems. 

In  refrigerant*<!!>sulating  air  conditioning', 
systems,  the  thei\nost^c  expansion  valves  are 
usually  the,  extcWl  \jualizing  type.  The 
internal  equalizing  poiU  between  the  valve  outlet 
and  the  spring  chamber  is  eliminated;  instead 
therg  is  an  opening,  through  the  valve,  directly 
into  the  spring  chamber.  Copper  tubing  connects 
the  chamber  to  the'  cooling  coil,  beyond  the 
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]  point  of  greatest  pressure  drop.  In  air 
conditioning  plants,  the  external  equalieer 

^neefJeiJ  where  the  pressure  drop  through  the 
cooling  coil  is  2  1/2  psi  or  more  or  when 
multidroiit  cpils  are  used.  ^ 


Gbiiled-Water  Circulatii^  Systems 

There  are  two  types  of  diilied-water  air 
conditioning  systems  currently  in  use.  The 
primary    refrigerant    cools    the  secondary 


431 


ENGINEMAN  3  &  2 


11111111113  COfli  MT  A» 


NJUN 


Figura  19-S.-M<M:hJinic«l  itr-i^K>iin(|  cydt. 
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refrigerHnt  (chilled  water)  whi^h  is  used  to  cool 
the  spaces.  One  type  of  system  operates  on  the 
vapor  compre^on  cycle  with  R- 1 1  or  R-1 2  used 
as  the  vpriraary  refrigerant;  the  type  of  primary 
refrigerant  used  will  depend  on  the  size  of  the 
unit  and  the  type  of  compressor  installed.  The 
other  type  of  system  operates  on  the  absorption 
cycle  and  uses  water  as  both  primary  and 
secondary  refrigerants;  litWum  bromide  is  used 
as  an  absorbent.  We  will  discuss  only  -the  vapor 
compression  cycle, 

VAPOR  COMB4lESSrON.-^The  vapor 
compression  chilled-water  circulating  .system 
differs  from  a  direct  expansion  air  conditioning 
system  in  that  the  air  conditioning^  is 
accomplished  by  a  secondary  refrigerant  (chilled 
water)  which  is  circulated  to  the  various  cooling 
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coils.  Heat  from  the  air  conditioned  space  is 
absorbed  b>&  the  circulating  chilled  ws^ter  and  is 
removed  from  the  water  by  the  primary 
refrigerant  system  in  the  water  chiller.  In  larger 
capacity  air  conditioning  systems,  the 
compressor  may  be  a  centrifugal  type  that  uses 
R-11  as  the  primary  refrigerant  rather  than  a 
reciprocating  type  that  uses  R-1 2. 

The  Operating  cycle  of  the  centrifugal  air 
conditioning  unit  (fig,  19-^)  is  basically  the  same 
'as  most  refrigerating  machines  except  for  the 
method  of  compression.  The  refrigerant  vapor 
coming  from  the  cooler  goes  into  an  openi(ng 
around  the  hub  of  an  impeller  wheel.  The  blaies 
in  the  rapidly  rotating  wheel  impart  velocity  and 
compress  the  vapor.  In  a  multistage  compressor, 
the  vapor  is  next  directed  to  the  hub  of  an 
additional   wheel   or   wheels.   The  vapor  is 
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compressed  to  about  12  psi  and  discharged  to  ' 
tte  cQDd?nser.  '  >  , 

» 

Between  the  condenser  and  th6  cocker  ot^ 
multistage  units,  the  liquid  refrigerant  passes./ 
through  an.economi2CT.  A  float  in  the  \ipper^^ 
chamber  of  the  econornizer ^  aliows\^\4he 
refrigerant  to  pass  into  the  lower  chamber^  By 
connecting  |he  economizer  to  the  ^cond  stgge 
of  the  compressor,  the  pressure  in  the  loNirer 
chamber  is  greatly  reduced.  This  reduction  of 
pressure  causes  some  of  the  liquid  refrigerant  to 
flash  into  vapor  and  cool  the  remainder,  of 
refrigerant.  Thus,  the  economizer  acts  a^^ff 
interstage  flash  cooler  and  increases  the 
efficiency  of  the  plant.  A  float  in  the  lower 
^hamber  of  the  economizer  allows  the 
refrigerant  to  pass  into  the  cooler.  In  the  cooler, 
the  liquid  refrigerant  changes  its  state  into  vapor 
and  in  so  doing  absorbs  heat  from  the  water. 


Water  is  pumped  through  the  cooler  (fig, 
19-6)  where  it  loses  heat  to  the  refrigerant.  The 
water  leaves  the  cooler  at  45"^  to  50^F  (7.2^  to 
lO^C)  and  is  directed  to  the  compartment  to  be 
cpdled. 

I  The  centrifugal  compressor  (fig.  19-6)  is  the 
\  two-stage  type  and  consists  of  the  casing,  rotor, 
A\.b^^ings,    shaft,   impellers,  and    shaft  seal. 
H^lCeritrifugal   compressors   are   usually  motor 
s^4rive'4  ^through  a  speed  increasing  gear  which 
ii^tires  prtjpcr  compressor  speed  with  a  standard 
spded.  motor.  The  speed  increasing  gear  is  |he 
doM?le-helieal  type,  pressure  lubricated  by'*  a 
gear^p  oil  pump  which  is  driven  from  the 
oompressw  shaft. 

Some  centrifugal  compressors  are  turbine 
driven  imd  do  not  n^d  a  speed  increasing  gear. 
The  m^rity  of  centrifu^l  air  con^i^^mng 
compre^ors  recently  installed  in  Navy/^^are 
single    stage.    The    multistage  ^^onomizer 
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functions  described  are  not  applicable  to 
centrifugal  air  conditioning  units  that  h^ve 
single-stage  compressors. 

The  chilled-water  cooler  is  the  shell  and  tube 
tjype.  A  gas  baffle  above  the  tubes  prevents  the 
carryover  of  hjuid  refrigerant  to  the  compressor 
suction.  Wheff  the  plant  is  shut  down,  the 
normal  refrigerant  charge  covers  about  50%  of 
the  tubes;  however,  when  the  plant  is  in 
operation,  the  boiling  refrigerant  covers  all  of 
the  tubes. 


The  following  controls  and  safety  devices  are 
typic^  of  those  installed  on  a  centrifugal 
refrigerating  *^pgm.  (Cointrol  settings^  are 
approximate  •Wnce  they  will  vary  with 
differences  in  desigi.) 


1.  The  CONDENSER  GAGE  indicates  the 
pressure  correstxjndin^  to  the  condensing 
temperature.       «  . 

2.  The  COOLER  GAGE ,  indicates  the 
pressure  corresponding  to  the  condensing 
temperature. 

3.  The  OIL  -^A-Gt  indicates  the  lube  oil 
pressure  within  the  lubricafnjg  system. 

4.  The  HIGH-PRESSy^^E  SWITCH  '  ii 
actuated  by  the  cqndenser  pressure  and  is  set  to 
^ut  in  at  5  psig  and  to  cut  out  at  15  psig. 

5.  The  COMPRESSOR  LOW  LUBE  OIL 
PRESSURE  SWITCH  is  actuated  by  the 
compressor  oi.}  pressure  and  is  set  to  cut  in  at  12 
psig  and  to  cut  out  at  6  psig. 

6.  The  GEAR  LOW  LUBE  OIL  PRESSURE 
SWITCH  is  actuated  by  the  gear  oil  pressure  and 
is  set  to  cut  in  at  15  psig  and  to  cut  out  at  6 
psig.  • 

7.  The  CONDENSER  WATER  PRESSURE 
FAILURE  SWITCH  is  actuated  by  theVawater 

•pressure  and  is  set  to  cut  in  at  1 5  psig  and^to  cut 
out  at  5  psig. 

8.  T  h  e  C  H  I  L  L  E  D  -  W  A  T  E  R 
DIFFERENTIAL  PRESSURE  FAILURE 
SWITCH  is  actuated  by  the  chilled  water 
pressure  and  is  set  to  cut  in  at  20  psig  and  to  cut 
out  at  1 6  psig, 

.V9-  The  REFRIGERANT  TEMPERATURE 
CONTROL  SWITCH  has  its  thermal  bulb 
located  in  the  cooler.  It  is  set  to  cut  out  at  30°  F 
(-1 . 1  °C)  and  to  cut  in  at  40°F  (4.4°C). 
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lO.T  h  e  C  H  I  L  L  £^0  -  W  A  TE  R 
TEMPERATURE  CONTROL  SWITCH'  has  its 
thermal  bulb  located  in  one  of  the  tubes  in  tl* 
chilled-water  cooler.  It  is  set  to  cut  out  at  42*^F 
(S.S'^C)  and  to  cut     at  SO^'F  (lO'^C). 

^  :  >  1 K  The  OIL  HEATER  START  AND  STOP 
BUTTON  controls  tha  electric  heater  located  in 
the  oil  pump  chamber\of  the  cpmpressdr.  The 
oil  heatet  limits  the  \amount  of  refrigerant 
absorption  during  shutdown.  The  heater  should 
be  turned  on  when  th«e  compressor  is  not 
,  nyining  and.  turned  off\when  the  plant  is 
operating. 

The  cx)ntacts  of  all  safety^evic^s  are  closed 
under  normal  conditions.  Opening  \the  contacts 
of  any  safety  device  stops  the'compteswr^After 
Hthe  cause  of  .the  abnormal  condition  has  been' 
,  determined  and  corrected,  the  compressor  must 
be  started  in  the  usual  way  .  \ 

The  centrifuj^l  refrigerating  unit  operates  on 
the  usua>  compression  cycle.  The  cycle,  starting 
at  the  cooler,  isW  follows: 

The  water  flowing  through  the  cooler  tubes 
is  wamier  than  the  refrigerant  on  the  outside  of 
the  tubes.  The  heat  transfers  from  the ^ water  to 
'  the  refrigerant.  The  heat  evaporates  the 
refrigerant.  The  evaporated  refrigerant  (vapor)  is 
drawn  into  the  edmpressor  by  the  first-stage 
impeller.  The  first-stage  impeller  compressors  the 
vapor  'and  discharges  -it*  to  the  second-stage  ' 
impeller.  Here  it  joins  ^  stream  of  vapor  coming 
from  the  economizer.  Compression  of  the  two* 
streams  is, completed  by  the  second  stage  and 
the  compressed  vapor  is  discharged  to  the 
condenser. 

In  the  condenser,  the  vapor  condenses  to  a 
liquid  and  drains  into  the  condenser  float 
chamber.  The  rising  refrigerant  iQvglNjpens  the 
float  valve  and  allows  the  liquid  refri&rant  to 
pass  into  the  economizer  chamber  v^hUch  has  a 
connectiim  ^  to  the  second  stage  of  the/ 
compressoh-Enough  of  the  liquid  evaporates  to 
cool  the  remainder  to  the  temperature 
corresponding  to  the  pressure  in  the  economizer. 
As  the  liquid  collects  in  the  economizer  float 
chamber,  the  rising  level  opens  the  float  valve 
and  allows  the,  liquid  to  pass  to  the  cooler. 
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Unit  Air  Condili 


loners 


ackaget!^  unit  air  oonditic»iere  are  now  b^ing 
tailed  in  some  ships  that  were  built  without 
conditioning.  This  type  of  air^nditionex  has 
the  entire  unit  in  one  metal  cabinet.  Installation 
is  simple;  only  the  mounting  brackets,  electrical 
le^d%,  drain  lines,  and  the  cooling  water  lines  are 
necessary  for  complete  installation,. 

Compressing  elements  in  packaged  unit  air 
conditioner&  are  usually  the  hermetic  type 
(niotor  and  compressor  are  contained  in  a 
welded  steel  shell).  Repairing  the  compressor  or 
motor  aboard  ship  is  impractical;  the  assemWy 
should  be  replaced  as  a  unit. 

Compressor  discharge  pre&ures  vary  from 
1 20  psig  to  200  psig;  suction  pressures  vary  from 
30  psig 'to  .65  psig.  The  temperature  DROP  \pf 
the  air  across  the  cooling  coil  is  usually  about 
16j  to  18°For-a.9°  to^7.8^C. 

Some  packaged  unit  air  conditioners  have  a 
thermal  expansion  valve  similar  to  the  type  used 
on  the  ship*s  refrigeration  plant;  many  types 
have  one  or  more  capillary  tubes. 

A  capillary  vtube  is  a  small  copper  tube  with 
about  1/16-inch  inside  diaineter.  tube  acts 
as  a  restri(:tion  (or  orifice)  to  reduce  the  pressure 
of  the  liquid  refrigerant,  just  prior  to  its  entering 
the  cooling  coil.  Hie  effect  on  the  refri^rant  is 
the  same  as  when  it  passes  through  an  expansion , 


valve.  Sonic  air  conditioners  have  as  many  as  11    ^^ntrifugal  fan^  The  belt  drive  permits  d 


capillary  tubes  to  ensure  a^  even^  flow  of 
refrigerant  throughout  the  cooling  coil. 

The  high-pressure  and  low-pressure  switches 
are  set  and  sealed  at  the  factory.  The  oni^ 
adjustable  controls  are  the  water  regulating  mve 
and  the  thermostat.  The  principle  of  operation 
and  the  adjustment  of  the  water  regulating  valve 
are  the  same  as  for  the  one  used  on  the  ship's 
refrigerating  plant.  ' 

To  set  the  thermostat,  you  may  use  the 
following  procedures: 


3 .  When  the  desired  temperatiire  is  reached^ 
wly  turn  the  thermostat  control  towardVthe 
warmer*'  position  until  the  compressor  stops. 


FaihCoU  Assemblies 


\  Fan-coil  assemblies  are  prefabricated  air 
-^^''conditioners,-  <X)nsisting  of  a  fan  and  motor,  air 
filters,  coil  bypass  damper,  thermal  and 
acoustical  insulation,  and  a  chilled-watCT  cOil 
enclosed  in  a  metal  cajjine t, -usedlh  conjunction 
with  a  chilled -water  ^stem  for  air  conditic«iing 
spaces  in  ail  types  of^hips.  '  At 

The  fan-^oil  assembly  may  be  used  in  l^eu  of 
a  fan  room  aboard  ship.  The  assembly  mpy  be 
installed  wrth  or  without  ductwork.  ,The 
assembly  has  outlets  on  tbe  top,  front,  and  ends 
of  the  cabinet.  The  outlet  may  be  used  singly  or 
in  multiples  of  zone  air  distribution  with 
ductwofk  or*- for  free  air  delivery  without 
ductwork,  A  cooling  cpil  bypass  is  also  provided. 
When' the  air  conditioner  is  installed  outside  the 
space  being  serv^,  th«  installing  activity 
provides  the  ductwork  between  the  air. 
coifditioned  space  and  the  cooling  coil  bypass 
inlet.  This  is  to  ensure  that  return  air  is  used  for 
bypass  and  not  replenishment  air. 

The  fan  in  the  assembly  is  a  belt-driven 

varying 

capacity  to  fit  the  application,  depending  on  the 
use  or  extent  of  ductwork. 


1.  In  the  air  conditioned  compartment, 
place  a  thermometer  at  a  point  wherp  the 
desireci^  room  temperature  is  ow^  most 
importance.  ^^'^ 

2-  Turn  the-  thermostat  contnol ;  to  the 
coldest  position. 


The  CQoling  coil  has  copper  tubes,  fins,  and 
headers.  The-  coil  is  eight  rowsxleep  in  direction 
of  airflow  and  has  a  vent  aijd  drain  cocks.  The 
vent  and  drain  are  accessible  through  a 
removable  access  panel. 

The  asserfrtSty  has  a  fixed  bypass  manual 
locking  type  damper  mounted  as  an  integral  part 
of  a  rem^)vable  end  panel.  Ail  working 
^mechanisms  of  the  damper  are  enclosed  inside 
the  cabinet  to  prevent  adjustment  of  the  damper 
from  the  exterior  of  the  cabiijet^  without 
removing  the  paneL 

Access  for, removal  of  the  fan,  fan  drive, 
motor,  and  coaling  coil  is  througli  removable 
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end   panels.  The   removable  end   panels  are 

•  interchangeable  >n  each  assembly.   A  '^ront 

•  accei^  opening  permits  servicing,  adjustment  and 
removal  of  the  motor,  fan  bearings,  pulleys,  and 
belts  from  the  front  of  the  cabinet. 

The  removable  panels  and  access  openings 
aire  gasketed  and  airtight  under  normal  operating 
conditions. 

Access  openings  on  each  end  of  the  cabinet 
permit  servicing  to  thfc  air  filters. 

Gravity  Cooling  Coils  ^ 

In.places  such  as  ammunition  magazines,  it  is 
impractical  to  have  ventilation  ducts  or  a 
package  unit  installed.  Since  cpo&ig  of  the-space 
is  accessary,  the  gravity  cooling  C0il  is  used.  The 
coil  is  usually  installed  in  the  upper  part  of  the 
space  and^'is  supplied  by  chiile<^water  from  the 


main  system.  Since  it  is  a  gravity  type  coil,  heat 
removal  is  dependent  upon  convection  currents^ 
acrossgie  coil  The  switch  mechanism  for  the 
themWSlatic  valve     located  outside  the  space 
for  safety  reasons. 


Air  Conditioning  Equipment 
Opera  til%  Record 


A  daily  operating  record  (NAVSHIPS  4731) 
isi  maintained  for  ail  air  conditioning  equipment 
except  pack^ed  unit  air  conditioners.  Figure 
19-7  shows  the  back  of  the  form  on  v;fhich 
comp^tment  temperatures  and  ^ chilled-water 
pressures  and^  temperatures  are  recorded.  The 
^  main  difference  in  filling  in  tlie  front  of 
.  NAVSHIPS  473 1  is  that  compressor  suction  and  - 
discharge  temperatures  and^ptessures  will  be 
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Figure  19-7.-Alr  conditioninfl  •quipmtnt  op«rating  racord  (back)  NAVSHIPS  4731. 
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higher  for  air  conditioning  plants  thans  for 
re|igeration  plants. 


s  Navy  standard  'air  filters  fiave  pressure  taps 
on- each  side  of  the  filter  bank-  using  a 
portable  differential  pressure  ggge,  you  can 

VquicJcly  read  the  pressure  drop  across  tlife^  filter, 
When  the  pressure  drop  increases  to  three^times 

^  that  of  a  clean  Jtlter,  the  filter'must.be  cleaned. , 
Ships        be  provided  with  spare  filters  so  that 
a  clean  one  may  be  substituted  for  the  dirty  one. 
A  systematiV  procedure  shoul(^  be  set  up  for 
cleaning  all  fiiteis  in  the  ship,  s 

-  -  Special-  clSfiung  #inks  are  installed  in  ships 
that  have  a  sufficient  number  of  filters  to  justify 
the  space  J  expense,  and  wdght.  These  sinks  may 
be  of  the  steam  type  where  steam  is  used  to  heat 
and  agitate  the  water  or  of  the  ultrasonic  fc^pe 
where  cleaning  is  done  by  vibration  dyp^  to 
sound  waves  passing  through  the  leaning  fluid. 

^vy  standard  air  filters  have  a  thin  film  of 
oil  applied  to  the  wires.  The  oil  film  retains  fine 
particles  of  dust  and  lint.  After  waging,  the 
filters  should  be  re-oiled  by  spraying  with  filter 
oil.  Sprayers  furnished  for  oiling  air  filters  must 
NOf  be  used  for  any  other  purpose  to  avoid  the 


possibility  Qf  contaminating  the  filters  with 
toxic,  flammable,  or  smelly  materials. 

TLAME  ARRESTERS  AND  GREASE 
FILTERS  SHOULD  NEVER  BE  OILED. 

MAINTENANCE  OF 

COOLING  EQUIPMENT  r 

.  ■-.  ^  ^ 

Since  air  conditioning,  systems  are  similar  in 
many'  ways  to  refrigeration  plants,  much  of  the 
information  in  this  manual  concerning 
refrigeration  is  equally  applicable  to  ait 
copditioning  equipment. 
:  ^  To  ensure  proper  maintenance  of  any  air 
condi^oning  plant^  the  requirements  of  the  3-M 
System  must  be  strictly  adhe^d  to. 

,  HEATING  EQUIPMENt 

DUCT  HEATERS 

Duct  heaters  (fig-  19-8)  are  installed  in  duct 
systems  and  are  used  s^erever  feasible  because 
of  savings  in  weight,  space,  and  piping.  These 
heaters  are  built  to  withstand  considerable  shock 
and  have  standard  connections  to  simplify 
piping.  The  steam  flows, through  copper  tubes 
which  are  arranged  in  a  single  row. 


INO  covit 
cnitil 


47.111 

Figurt  19-8.-V,tntil«tion  hMttrs:  A  Ext^ior  vitw,of  S-typ«  h«at«r.  B.  Tub«  irrangtnitnt  of  S  typt  hsatar.  C.  Tub« 

•rrangtmt nt  of  T-typa  hutar. 
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•  Two  different  types  of  coil  arrangements  are 
used.  Part  B  of  figure  19-^  shows  the  "S" 
arrangement  with  the  tCibing  serpentined.  The 
S-type-is  used  in  small  size  heaters.  For  large  size 
heaters  the  S-type is  not  ef(icient. 

Part  of  -.figure  19-8  shows  a  'T" 
arrangement  which  has  a  copper  tube  within  a 
tube  (a  3/8-inch*  distributing  tube  inside  a 
5/8-inch  outer  tube).  Steam  pressures  up  to  150 
psi  may  be  used  in  these  heaters.  " 

.  Large  ventilation  supply  piy^ems,  except 
those  serving  •  machinery  '  spacS^,  have  a 
PREHEATER  at  dr  near  the  we*mer  ji^take.  By 
locating  the  heater  near  the  intake,  ^^e  ,.duet 
temperature  is  'kept  liigh  enough  to  avoid 
condensation  during  cold  weather  op&ration. 

In  the  majority  of  the  systems  that  use  a 
preheater,  there  is  iiso  a  REHEATER(s).  In 
circulating  cooling  systems,  reheatcrs  maintain 
specified  space  temperatures  during  cold. water 
operation.  - 

Reheaters  supply  either  single  ^^smces  or  • 
zones.  Zones  are  made  up  of  spaces  mat  are 
expected  to  have  similar  heat  loads.  Reheaters 
are  controlled  by  room  ther^ostiits.  In 
recirculating  cooling  systems  in  newer  ships,  the 
reheaters  use  a  constant  supply  of  steam  to 
reheat  air  to  <  any ^  zone  which  would  be 
overcooled. 

In  small  ventilation  systems  with  short  duct 
runs  where  one  heater  will  produce  the  required 
tempcrattJrc  rise,  a  COMBINATION  HEATER  is 
used  alone.  This  heater  has  two  separate  heating 
coils  in  one  housing.  Effch  cpil  has  its  own  steam 
supply  and  is  controlled  by  an  individual 
thermostat.  Combination  heaters  may  also.be 
used  ,  with  reheaters  to  supply  more  than  one 
space  where  the  combination  heater  is  sufficient 
to  maintain  the  required  temperature  rise  in  one 
of  Ihe  spaces. 


CONVECTOR  HEATERS 

Convecior  heaters  (fig.  19-9)  are  installed  in 
^jmail  spaces  or  in  spaces  that  are  not  fitted  with 
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mechanical  supply  ventilation.  These  heaters 
have  a  high  heating  capacity  for  their  size  and 
weight,  are  considerably  smaller*  than  radiators 
or  pipe-coils  of  the  same  capacity,  and  will 
withstand  severe  shock,  A  steam  pressure  up  to 
150  psi  can  be  used  in  the  heaters,  or  a  forced 
hot  water-system  can  be  u^d.  When  they  ate 
used  with  steam  pressure  between  25  and  50  psi,. 
temperature  differentials  at  different  levels  in 
the  room  are  reduced-  Heating  is  regulated  by 
the  air  bypass  damper  in  the  front  part  of  the 
heater.  Th^  cabinets  are  generally  of  steel, 
though  they  may  be  {if  desired)  of  nonmagnetic 
stainless  steel,,  copper,  or  aluminum. 

UNIT  HEATERS 

Unit  heaters  (fig.  19-10)  are  self-contained 
heating  units  comprisied  of  a  fan;  fan  motor, 
heating  coil,  and  adjustable  louvers.  They  are 
used  in  specif  cases  such  as  When  the  amount  of 
supply  ventilation  is  too  small  to  provide 
sufficient  heat  through  ventilation  heaters,  or 
where  there  is  no  mechanical  ventilation  supply 
and  the  heat  requiren>ents  excegd^the  capacity 
of  convector  heaters.  Tliey  can  be  used  with 
either  steain  pressure  up  to  150  psi. or  with 
forced  hot  water  systems.  Composite  parts  of 
the  heaters  include  the  heat  transfer  surface  (^ms 
and  tubes),*  fan,  thermostatic  control  valve, 
strainer,  trap,  and  directional  louvers. 

ELECTRIC  HEATERS 


Electric  heaters  are  used  in  spaces  located  at 
a  considerable  distance  from  the  steam  piping 
system  or  in  spaces  where  the  use  of  steam  duct 
heaters  would  be  impractical.  They  are  built  in 
mariy  types  and  designs;  because  bf  electrical 
hazards  only  those  heaters  approved  by  the 
Navy  should  be  used. 


HEATING  CONTROLS 


Temp^ture  regulators  that  control  the  flow 
of  steam  to  ventilation  heaters  and  unit  heaters 
cx)nsist  of  a'  thermostatic  assembly  (bulb,  tubing, 
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Figurt  19-9«-Convtctor  hMttr:  A.  Cutaway  vmw.  B.  Extsrior  iriaw. 


and  motor  bellows)^  and  a  valve  assembly.  (See 
figures  19^11  and  19-12.)  The  thermostatic 
assembly  contains  just  enough  volatile  liquid  to 
fill  the  bulb  and  tubing  but  not  the  m^tor 
bellows  in  the  valve.  A  rise  in  temperature  on 
the  bulb  caifses  Uquic|>to/Io\v  through  the 
tubing  and  intb  the  motor^ellows  located  in  the 
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hot  chamber  assembly  of  the  valve.  As  the  liquid 
enters  the  motor  bellows,  it  is  vaporized  by  the 
temperature  of  the  steam  surrounding  the 
bellows.  The  pressure  (thus  developed  in  the 
beilowsK.  overcomes  the  spring  load  which 
normally  ^holds  the  valve  open.  This  causes  a 
gradual  closing  of  the  valve.  A  decrease  in 
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Figurt  19-10.-UnithMt«r:  A.  ExttrkDf  viaw.  B.  Cutaway  view. 
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temperature  on  the  bulb  revt^rses  the  process, 
allowng  vapor  to  leave  the  bfcllows,  to  condenje 
in  the  tubing,  and  to  permit  the  spring  load  to 
c5pcn  the  valve.  In  this  manner  the  valve  will 
open  and  close  gradually  to  pass  just  the  right 
amount  of  steam  necessary  to  react  to  the 
changes  in  temperature  around  the  thermostatic 
bulb. 
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Thermostat 


The  thermostatic  bulb,  tubing,  and  motor 
bellows  are  integral  with  the  thermostat  and 
cannot  be  separated.  When  any  part  of  the 
assembly  is  damaged, *the  entire  assembly  must 
be  replaced,  "^e  tubing  connects  the  bulb  to  the 
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motor  bellows  and  is  armc^ed  for  protection. 
The  types  of  thermostats  designed  for  use  with 
ventilation  and  unit  heater  regulators  are  the  R, 
L,  and  W  thermostats.  • 

*  The  type^  thermostat  (part  Aof  fig.  19-11) 
is' designed  for  counting  on  a  bulkhead  or  on  a 
stanchion  within  the  space  served  by  a 
combination  heater,  a  reheater,  or  a  unit  heater. 
The  temperature  regulator  of  a  type  R 
thermostat  is  adjusted  by  rotating  the  adjusting 
knob  which  extends  or  contracts  the  adjusting 
bellows.  Clockwise  rotation  of  the  knob  extends 
the  adjusting  bellows  which  decreases  the  Uquid 
capacity  of  the  bulb  then? by  forcing  liquid  into 
the  motor  bellows  and  closing  the  val\^.  The 
valve  will  not  reopen  until  a  lower  temperature 
at  the  thermostat  acts  on  the  bulb  to  provide 
space  for  the  previously  ejected  liquid.  Reverse 
rotation  of  the  adjusting  knob  raises  the 
temperature  setting  by  increasing  the  liquid 
capacity  of  the  bulb.  The  type  R  thermostat  is 
used  with  valves  governing  the  flow  of  steam  to 
combination  l^aters,  reheaters,  and  unit  heaters. 

The  type  L  thermoiitat  (part  B  of  fig^  19-11) 
is  a  duct-mounted,  adjustable  thermostat  used 
with  ^valves  governing  the  flow  of  steam  to 
preheaters.  This  thermostat  is  flange-mounted  in 
Ihe  duct,  4  to  6  feet  after  the  preheater.  The 
main  control  element  of  the  bulb  extends  into 
the  air  stream  inside  the  duct.  The  type  L 
thermostat  operates  in  the  same  manner  as  the 
type  R  thermostat. 

The  type  W  thermostat  (part  Cof  fig.  19-11) 
is  nonadjustable,  preset  at  the  factory  to  be  fully 
open  when  the  airtemperature  at  th^  thermostat 
drops  to  35^  F.  The  thermc^tat  may  be  located 
ill  the  air  stream  ahead  of  the  preheater  or  in 
any  other  location  where  its  operation  will  be 
governed  by  the  weather.  When  the  thermostat 
is  located  on  the  weather  decks,  it  must  be 
shielded  from  the  effects  of  the  siin  (or  other 
heat  sources)  by  a  bulkhead  or  deck.  The  type  W 
thermostat  is  used  with  the  Model  D  valve  (part 
B  ^  fig.  19-12)  and  functions  to  prevent 
frcCising  of  the  condensate  in  the  preheater  tubes 
by  allowing  the  valve  to  admit  steam  to  the 
preheater  when  the  temperature  of  the  incoming 
air  drops  below  JS^'F.  or  LTC. 


Valves, 

Three  types  of  valves  designed  for  use  with 
ventilation  and  unit  heater  regulators  are  the 
Model  E,  Model  G,  and  Model  D  valves.  Use  of 
the  Model  E,  G,  and  D  valves  is  determined  by 
the  designated  capacity  of  the  heaters-  The 
Model  E  valve  (part  A  of  fig.  19-12)  is  available 
in  sizes  to  govern  steam  flow  in  the  range  of  5  to 
350  pounds  of  steam  per  hour.  The  Model  E 
valve  has  a  needle  type  poppet  and  seat  and  can. 
he  used  with  a  type  W,  L,  or  R  thermostat  to 
regulate  steam  flow  to  a  ventilation  or  unit 
heater.* 

The  Model  G  v^lve  is  similar  to  the  Model  E 
valve  except  that  i$  has  an  additional  bellows 
(balancing  bellows)  located  under  the  valve 
poppet  and  connoted  to  the  valve  stem.  This 
valv9  is  available  inVarious  sizes  to  handle  steam 
caj?icities  in  the  range  of  450  to  900  pounds  of 
steam  per  hour.  It  is  designed  to  be  used  with  a 
type  R  or  L  thermostat  to  regulate  steam  flow  in 
a  ventilation  heater. 

The  Model  D  valve  (part  C  of  fig.  19-12)  is 
actually  two  Model  E  valves  in  a  common  valve 
body  ;  it  is  intended  for^use  pnly  on  preheaters 
or  combination  heaters,  bne  of  the  valves  is 
sized  to  pass  about  75%  of  the  load  rating  of  the 
Model  D  valve;  it  is  actuated  by  a  type  L 
thermostat  (when  used  with  a  preheater)  or  a 
type  R  thermostat  (when  used  to  regulate  stean^ 
flow  in  a  combination  heater).^ The  other  valve  is 
sized  to  pass  about  25%  of  the  load  rating  of  the 
Model.  D  valve;  it  is  actuated  by  a  type  W 
thermostat,  when  the  temperature  of  the 
incoming  air  drops  below  35°F,  or  L7*^C,  to 
ensure  sufficient  steam  in  ^  the  preheater  or 
combination  heater  to  prevent  freeii^  of  the 
condensate  in  the  heater  tubes. 

The  capacity  of  the  Model  D  valve  is  the 
combined  capacity  of  two  E-type  vah^es.  For 

,  example,  a  Model  D  valve  intended  for us^  with 
a  heater  capacity  of  40  pounds  of  steam  per 

^lour  would  use  two  E-type  valves  with  the  one 
for  the  W  thermostat  side  rated  at  10  pounds  of 
steam  per  hour  and  the  one  for  the  L  or  R 
thermostat  side  rated  at  30  pounds  of  steam  per 
hour. 
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Figurn  18-11.-Typ«i  of  tfiirmostats. 
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The  temperature  regulator  is  adjusted  by 
rotating  the  adjusting  knot?  on  the  type  L  or  R 
thermostat  to  the  desired  temperature  shown  on 
the  range  plate  which  is  calibrated  in  degrees 
Fahrenheit.  After  5. minutes  of  operation  of  the 
heater  at  the_  desired  setting,  check  the 
temperature  of'  the  air  in  l^ie  space  with  a 
calibrated  thermometer,  ff  further  adjustment  is 
necessary,  move  the  setting  only  T  or  2°F  (.5° 


to'  i°C)  and  allow  another  period  of  5  minutes 
to'  elapse  before  rechecking  with  the 
thermometer. 

Inforniation  concerning  the  vake  and 
thermostatic  assembles  is  founJi  on  thfe  valve 
bonnet  which  is  stenciled  as  shown  in  figure 
19-13,  with  numerals  indicating  the  tube  length, 
operating^  temperature  of  the  motcH-  bellows, 
p^pet  number,  and  steam  pressure.  ^ 
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'  MAINTENANCE  OF 
VENTILATION  EQJ^MENT 

Shipboard  ventilation  must  serve-not  only  to 
supply,  circuJate,  and  distribute /fresh  air,  but 
also  to  remove  the  used,  contiiminated,  and 
overheated\air  from  the  various  spaces.  If  the 
ventilation  equipment  fails  to  perform  its 
functions  properly,  conditions  may  be  created 
which  will  jeopardize  the  health  or  life  of  crew 
members.  Therefore,  the  individuals  responsible 
for  inspection  and  mainten^ce  must  b^ 
thoroug^ily  familiar  with  the  ventilation 
equipment^ 

A  shipboard  '  ventilation  system  and  its 
constituent  parts  cannot  be  isolated  and 
separated  from  other  component  systems  in  a 
complete  air  conditioning  system.  For  example, 
the  air  duct  distribution  system  of  a  s^p  may  be 
used  for  other  systems  in  cooling,  htating,  and 
dehuniidifying  the  sliip's  atmospheiric  air.  In 
addition  th  ducts,  a  ventilation  s>|stem  may 
include  weather  ops/nings,  screens,  filters,  fans, 
gratings,  closures,  heaters,  cooling  coils,  venturi 
tubes,  dampers,  and  terminals.  Obviously,  if  a 


ventilation  systtm  is  to  function  effectively,  it  is 
essentia)  that  jail  of  its  various  units  be  kept 
dean  and  in  satisfactory  operating  condition.  To 
maintain  a  v^tilating  system  in  the  best 
condition  requires  the  observance  of  applicable 
precautionary  measures  and  the  adherence  to 
prescribed  maintenance  procedures 


Guarding  Against  Obstructions 
to  Ventilation 


Such  items  as  swabs,  deck  gear,  and  trash 
stowed  in  fan  rooms  or  Ventilation  trunks  not 
only  restrict  airflow  but  also  increase  dirt  and 
odors  taken  inboard.  Ventilation  terminals  must 
NEVER  be  used  for  stowage.  Wet  clothing 
secured  to  ventilation  terminals  increases  the 
moisture  content  of  the  compartment  air  and 
restricts  the  airflow.  Stowage  arrangements 
should  be  such  that  ventilation  weather  openings 
are  NEVER  restricted. 

Keeping  the  System  Clean 

Dirt  accumulation  in  a  ventilation  system 
not  only  restricts  the  flow  of  air  but  also  creates 
a  serious  fire  hazard.  In  a.  clean  duct  the  cooling 
effect  of  the  metal  fiends  to  act  as  a  flame 
arrester,  but  an  accumulation  of  foreign  matter 
withiii  a  duct  becomes  a  potential  soutce  of 
.combustion.  One  method  of  reducing  the 
amount  of  dirt  and  combustible  matter,  which 
may  be  carried,  into  a  ventilation  system,  is  to 
wet  down  the  areas  in  tlie  vicinity  of  the  air 
intakes  before  sweeping. 

Since  a  great  volume  of  air  passes  through  or 
over  the  elements  of  a  ventilation  system,  dirt 
wiU  collect  in  the  various  units  in  spite  6f 
precautionary  measures.  The  greatest 
accumulation  of  dirt  will  be  within  trunks  and 
ducts  where  it  is  not  readily  noticeable. 
Therefore,  periodic  inspections  and  a  definite 
service  procedure  are  ^necessary  to  keepShe 
system  clean. 
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CHAPTER  20 


ADDITIONAL  AUXILIARY  EQUIPMENT 


In  addition  to  the  auxiliaiy  machinery 
described  jbi  previous  chapters  of  the  manu^, 
there  are  a  number  of  other  units  of  machinery 
which  are  essential  ta  the  operation  of  a  ship 
and  which  are  directly  or  indirectly  of  concern 
to  you  ,  as  an  En^neman.  Such  auxiliary 
machinery  includes  Steering  gears,  anchor 
windlasses,  deck  winch^,  caj^tans,  cranes  and 
auxiliary  boilers.  Some  of  this  maciiinery  may 
be  located  within  the  engineering  spaces  of  the 
.ship,  but  many  of  the  units  are  located  outside 
the  engineering  spaces. 

This  chapter  provides  information  on 
auxiliary  machinery  with  which  you  will  be 
primarily  concerned. 


ELECTROHYDRAULIC 
DRIVE  MACHINERY 

Hydraulic  units  are  used  for  driving  or 
controlling  steering  gears,  ^windlasses,  winches, 
capstans,  airplane  cranes,  artimunition  hoists, 
and  distant  control  valves.  This  chapter  contains 
information  on  some  hydraulic  units  with  which  ^ 
Enginemen  are  concerned. 

The  el^ctrohydraulic  type  of  drive  very 
efficiently  meets  the  operating  requirements  of 
modem  naval  machinery.  iSome  qf  the  major 
advajitages  of  electrohydrauHc  machinery  are- 


that: 


1 .  Tubing,  which  can  readily  transmit  fluidS 
around  comers,  is  used  to  conduct  the  liquid 
which  transmits  the  force. 

2.  Very  little  space  is  requjj-e^or  tubing. 

3.  It  ^iWs  flexibility  in  /location  of 
components.  \  ■  , 

*  4.  Operatiqn  at  variable  speeds  is  possible. 


5/  Qjil^ontrol  of  speeds  from  minimum 
to  maximoVKnits  is  allowed. 

6.  It  can  be  shjftcd  from  no  load  to 
load  r«pidly  withoufaamage  to  machinery. 

7. 1  It  accelerates  quickly.     ,  • 

8.  It  has  a  high  efficiency. 

9.  It  has  a  favorable  power  to  weight  ratio. 

/  ■  ^ 

ELECTROHYDRAUUC  - 

SPEED  ©EAR  / 

•  .  .* 

The  unit  m.ost  ..frequentlyj  oised  ik 
electrohydraulic  applicati6ns>->is  tl¥e 
electrohydfaulic  speed  gear.  Different  vdriatio^ 
of  tlve  basic  design  are  used  for  sp€d|ic 
applications  but  the  principles  remain  the  sanie. 
Basically,  the  unit  consists  of  an  electjic 
motor-driven  hydraulic  pump  (A-end)  andl  a 
hydraulic  motor  (B-end).  See  Chapter  15  of  tjiis 
manual  for  a  discussion  on  axial  pis^n 
variable-stroke  pumps.  •  ' 

The  B-erid  (fig.  20-1)  is  already  on  strojce, 
and  will  be  made  to  rotate,  by  the  hydraulic 
force  of  the  oil  acting  on  the  pistons.  Movement 
of  the  pistons*  A-end  is  controlled  by  a  tilt  bbx 
in  whi«^  the  socket  ring  is  mounted,  as  showhjin 
part  A  of  figure  20-1.  \ 

.  The  length  of  piston  movement  is  controlfed 
by  movement  of  the  tilt  box,  one  way  or  the 
other  and  by  the  amount  of  angle  at  -which"  t|ie 
tilt  box  is  placed.  The  length  of  the  piston 
movement  controls  the  amount  of  fluid  flo^. 
When  the  drive  motoP  is  energized,  the  A-end  |is 
always  in  motion,  but  with  the  tilt  box  in -a 
neutral  o^  vertical  position,  there  is  i^o 
reciprocating  motion  of  the  pistdns,  so  no  oif  is 
fJuniped  to  the  B-end.  Any  movenient  of  the  tilt 
box,  regardkffi  of  how  slight,  causes  pumj^ing 
action  to  start,  which  causes  immediate  acti9n  in 
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the  B-end,  due  to  the  transmission  of  force  by 
the  hydraulic  fluid. 

When  reciprocating  moticm  is  desifed,  such 
as  in  a  steering  gear,  tiiejB-end  is  replaced  by  a 
piston  or  ram.  The  force  of  the  hydraulic  fluid 
causes 'the  movement  of  the  piston  or  ram.  The 
tilt  box  in  the  A-end  can  be  controlle4  either 
locally  (as  (mi  the  anchor  v^dlass)  or  by  remote 
control  (as  on  the  steering  gear). 

^     '  ■  •  ■ 

ELECTROHYDRAUUC 
STEERING  GEAR 

Most  steering  gear  installations  in  modem 
naval  ships  are  the  electrohydraulic  type  and  use 
only  the  A-end  of  the  previously  described 
electrohydraulic  drive.  Tlie  ekctrohydraulic 
steering  gear  was  developed  to  handle  the  la^e 
momentary  power  *  Requirements  for  the 
electromechanical  steering  gears— particularly  for 
ships  of  large  displacement  and  higli  speed.  Also 


the  elimination  of  direct  current  power  from 
ships*  steering  systems  made  switching  and  speed 
control  of  electric  motors  more  difficult. 

Operation  of  Electrohydraulic 
Steering  Gear  , 

»  Figure  2Q-2  shows  a  simple  diagrammatic 
arrangement  of  a  double-ram  type 
electrohydraulic  steering  gear.  The  rudder  yoke 
is  connected  to  two  hydraulic  plungers  or  rams. 
Each  ram  has  cylindeis  at  both  ends.  The 
pressure  of  the  hydraulic  fluid  in  tlie  closed 
system  is  maintained  by  one  of  tw^  rotary, 
positive-displacement,  variable-stroke  pumps. 
Fluid  delivery  is  regulated  by  the  an^e  of  the 
tilting  block  in  the  hydraulic  pump,  which  in 
turn  is  controlled  either  electrically  or 
hydraulicaliy  from  the  steering  wheel  on  deck/ 
The  control  shaft  and  gear  are  indicated  in 
figure  202.  Note  that  the  forward  port  and  after 
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*   Frgurt  20"2.-Sim|>l«  dtaflr^mmatic  arrin9«m#nt  of  t  dcHrtrfe-ram  ejectrohydriulic  ftwrinfl  gssr.  ^ 
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starbo^d  cylinders  are  interconnected,  as  are 
the  forward  starboani  and  after  port  cylinder,  A 
double-acting  relief  valve  bypasses  the  fluid  from 
the  supply  (or  discharge)  to  the  return  (or 
suction)  line,  thus  relieving  the  piping  from 
excessive  strain,  in  case  unusual  resistance  to  the 
rudder  (caused  by  wave  action  or  by  jamming) 
causes  abnormal  pressures.  The  motors  run  at 
constant  speed.  Examples  of  steering  gear 
operation  follow. 

Stafting  with  a  neutral  position  of  the  tilting 
blqck  and  no  oil  flow,  suppose,  the  steering 
wheel  is  turned  ta  starboard.  The  turning  of  the 
wheel  on  the  bridge  sends  an  electric  signal  to 
the  synchronous  receiver,  in  the  steering  gear 
room.  The  synchronous  receiver  will  then  turn 
correspondingly  (counterclockwise  in  fig.  20-2 
as  viewed  from  the  left).  Shaft  A  turns 
clockwise,  carrying  gear  B  with  it.  Gear  C 
meshps  with  gear  B,  and  internal  gear  teeth  on  E  * 
turn  counterclockwise.  E  turns  the  control  shaft, 
which  operates  the  tilting  block  on  the  pumps. 
A  quantity  of  oil  now  flows  to  the  forward  port 
and  after  starboard  cylinders,  causing  the  rudder 
to  move  to  the  right,  c 

When  the  steering  wheel  and  the 
synchronous  receiver  stop  moving,  the  starboard 
ram,  in  moving  forward,  operates  the  rack  and 
pinion  and  turns  gear  D  clockwise.  Gear  B  and 
shaft  A  are  held  by  the  now  motionless 
synchronous  receiver  and  gear  C  and  casing  E 
turn  clockwise,  thus  returning  the  tilting  block 
to  <he  neutral  position  and  stopping  the  flow  of 
oil.  The  planetary  differential  gear  operates  as  a 
foUowup  mechanism.  If  the  steering  wheel  is 
turned  to  port,  the  actions  described  will  be  in 
the  OPPOSITE  direction. 

Actual  installations  use  two  sets  of 
synchronous  receivers  and  two  sets,  of  electric 
motors  and  pumps  for  reliability  and  flexibihty. 
A  six-way  plug  cock  makes  it  possible  to  transfer 
quickly  from  the  operating  pumps  to  the 
standby  pumps. 

The  single-ram  type  of  electiohydraulic 
steeriiig  gear,  shown  in  figure  20-3,  operates*  on 
the  same  principle  as  the  double-ram  type.  The 
only  difference' is  that  there  is  but  one  ram,  with 


port  and  starboard  cylinders,  mounted 
4iathwartship.-  As  the  port  plunger  is  forced  to 
move,  by  the  pressure  of  oil  against  it,  the 
starboard  plunger  moves^  coj^espondingly .  and 
forces  the  same  amount  of  oil  out  of  the 
starboard  cyhnder.  ,  V 


Control  of  Steering  Gears 


The  steering  gear  can  be  controlled  from  the 
steering  wheel  on  the  bridge  by  any  of  th6 
following  remote  control  systems,  although 
most  modem  naval  ships  use  the  first  one: 

1.  ELECTRICALLY  by  an  alternating 
current  synchronous  transmission  system . 

2.  HYDRAULICALLY  by  a  hydraulic 
telemotor  system.  , 

3.  ELECTRICALLY  by  a  direct^urrent 
pilot  motor  and  its  controller. 

4.  MECHANICALLY  by  a  sliafting  or  wire 
rope  from  the  steering  station  (auxiliary  hand 
operation).  ^  ^ 

ALTERNATING  CURRENT 
SYNCHRONOUS  TRANS|^ISSION.~The 
alternating  4:urrent  synchronous  transmission 
typg  of  remote  control  consists  of  receivmg;^and 
trananit^ijs  units  which  are  similar  to  srMl 
motor&r  the^^^are  connecjed  to  the  samje  axl 
supply .\Whenthe-transmitter  rotor  is  turrted,  the 
receiver^hiH^#  at  thsi.same  speed  and  in  the  same 
direction. 

The  transmitters  are  located  in  steering 
stands  at  remote  control  stations  and  are 
mechanically  connected  through  gearing  to  the 
wheels.  A  transmitter  at  one  of  the  remote 
stations  is  electrically  connected^  to  a  receiver  in 
the  steering  room.  The  receiver 'is  connected  to 
the  control  shaft  of  the  variable-displacement 
hydraulic  pump  through  a  differential.  Where 
there  is  more  than  one  remote  steering  station,  a 
switch  is  used  to  select  the  desired  control 
station.  Indicating  lights  on  the  steering  stands 
and  at  the  selector  switch  indicate  which  is  the 
selected  circuit  and  that  power  is  available. 

HYDRAULIC  TELEMOTOR 
CONTROL. -Tlie  hydraulic  telemotor  type  of 
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Figurt  20-3.-Oi«BrOTmatic  arrwutfTient  of  8  iingl«-ram|«l»ctrohydr#Hl^  tt««ring  go«r. 


remote,  control  (fig.  20-4)  is  .found  in  many 
Navy  auxiliary  ships  that  art  equipped  with 
electrohydrauUc  steering  engines.  The  system 
consists  of  .  a  steering  console  (hydraulic 
transmitter)  in  the  pilothome,  a  hydraulic 
receiver  in  tjje  steering  gear  Compartment,  and 
, connecting  hydraulic  tubing-  In  addition,  an 
electric  cable  connects  the  helm  angle 
transmitter,  on  Tthe  receiver  housing  with  the 
helm  angle  indicator  on  the  steering  console. 

A  hydraulic  transmitter  is  located  inside  the 
steering  console  under  the  steering  w^eel.The 
hydraulic  -transmitter  comiwnents  consist  of  a 
pump»  hydraulic  tubing,  two  relief  valves,  two 
check  valves,  a  replenishing  tank,  and  a  bypass 
valve.  The  remote  receiver .  is  va  hydraulic^ 
plunger-type  unit  with  twp  cylino^-one  on 


each  en'd  of  tiie  receiver  housing-in  axial 
alignment^  A  double-acting  plunger  operates  in 
the  cylincws.'  On  t}4  middle  portion  of  this 
plunger  a  cfo^head  is\onnected  for  mecliahical 
linkage  to  the'Steeaii^  gear  control  mechanism. 

The    direction    of    the    hydraulic^  fluM 

movement  depends  on  the  direction  of  rotation 

of  the  steering  wheel.  Rotation  of  the  steering. 

wheel  actuates  bevel  arid  spur  gears  which  in 

turn  operate  a  reversible,  hydraulic,  axial-piston 

type  pump..  The  cfperating  principles  of  this 

pump  are  similar  to  those  of  the  variable-stroke 

^ pump, '  described  earlier  in  this  chapter,  in 

connection  with  hydraulic  power  trspsmisdon 

systems.  In  the  reversible  axiad-piston  pump, 

howeyer,  the  socket  ring  is, set  permanently  at  a 

fixed  ^ngie  so  that  tlie  pistons  are  always  on 
♦ 
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stroke.  When  the  pump  shaft  and  cylinder  barrel 
are  rotated  by  the  steering  wheel,  the  pistons 
draw  fluid  yi  from  one^  hycjraulic  fluid  line  and 
discharge  it  to  -the  othfer  Hydraulic  fluid  line. 
Reversing  the  rotation^of  the  steering  wheel 
reverses  the  direction  of  fluid  flq^^rough  the 
pump.  The  pump  has  External  check  valves  and 
piping  for  replenishing  the  hydraulic  system 
from  tlie  tkik.  Relief  valves  and  a  bypass  valve 
are  also  included,  as  well  as  vents  for  purging  the 
system, 

^When  the  hydraulic  pump  shaft  is  rotated  in 
one  direction,  the  tluid  output  is  dlscha^ed 
from  one  side  of  the  pump  to  one  of  the  rect^er 
cylinders.  In  the  other  cylinder,,  hydraulic  fluid  . 
is  displaced  to  the  hydrauhc  pumpi  Thus,,  the 
hydraulic  fluid  under  pressure  moves  the 
receiver  plungers  and  .prpduCesy  a  linear 
movement  of  tlie  crpsshead.  This  motion  is 
transmitted  to  the  connected-  steering  gear 
control  mechanism.  Travel  of  the  rrosshead  and 
plungers  is  Iknited  by  adjustable  stops  on  the 
receiver  housing.  In  figure  20-5,  the  solid  arrows 
show  direction  of  action  for  right  rudder  wlule 
the  broken  arrows  show,  the  flow  of  hyc^rauhc 
'fluid  for  ri|;iU  rudder. 

^  Air  cocks  and  tilling  or  charging  connections 
are  on  the  receiver  cylinders  for  venting,  ftlling, 
or  purging  the  hydraulic  syste^. 

') 

Filling  the  Telemotor  System. -Fill  the 
^.teleniotor  system  from  the  charging  tank  by 
opening  the  air  cocks  at  the  forward  telemotor 
and  starting  the  charging  pump.  After  ^the  oil 
appears  at  the  air  cocks,  continue  pumping  until 
tlie  oil  is  free,  of  bubbles.  Next,  close  the  air 
cocks'and  allow  the  oil  to  ^1,1  the  replenishing 
tank.  Wliije  the  pump  is  still  operating,  cjose  the 
valve  leading  to  the  replenishing  tank,  at  which  . 
'*time  the  system  will  be  subjected  to  a  slight 
pressure.' 

Purging  Entrapped.  Air, -The  effective  . 
•operation  of  the  telemotor  system  depends  upOn 
the  purging  of  all  entrapped  air  and  the  ' 
elimination  of  leaks*  To  purge  the  system'^f  air, 
under  normal  operating  conditions,  open  the 
valve  leading  from  the  replenishing  tank  and  the 
air  cocks  at  the  forward  telemotor.  Because  the 


replenishing  tank  is  located  above  the  highest 
point  Of  the  telemotor  system,  the  air  iS'  forced 
out  of  the  air  cocks  by  the  gravity  flow  of  the 
oil.  Tliefi  close  the  cocks  when  the  oil  flows 
smoothly  without  bubbles. 

To  detect  and  eliminate  leaks  in  the  system, 
inspect  the  valves  and  joints  frequently.  To 
correct  a  leaky  piston  in  the  interhally  packed 
teleniotor,  see  that  ^  the  leathers  are  iii  good 
condition  and  that  the  springs  (if  used)  keep  the 
leather  in  contact  with  the  inside  'wall  of  the^ 
telemotor  ^  cylinders.  To  stop,  leaks  in  the 
externally  packed  telen^tor,  tigjiten  the  glands 
just  enough  to  cause  the  packing  to  be 
,com pressed  about  the  rams,  until  the  leak,  is 
stopped.     ^  '  ' 

.  Hydraulic  Fluid  Characteristics.— The 
hydraulic  'fluid  characteristics  are  ^  especially 
impprtant  when  the  telemotor  system  is  exposed 
to  low  ambient  teprperatures:  Under  Such 
conditions,  a  high  "g^4^  mineral  oil  th^t  has  a 
cold  pour  point  of -25°  to  40''F  (-32°  to  AO^'C) 
should  be -used.  Where  low  temperatures  are  not 
involved  or  v^here  special  oil  with  the  designated 
cold  pour  point  cannot  be  readily  obtained,  the 
symbol  2075 H  oil  may  be  used  satisfactorily. 
The  oil  should  hav^  a  low  rate  of  expansion  and 


be  sufficiently  viscous  at  USO^F  (66"C)  to 


remain  aJfood  hydraulic  fluid. 


,  Filling  the  Charging  Tank. -When  filling  the 
charging  tank  witli  hydraulic  fluid,  strain  the  oil 
into  the  fank  tluough  a  funnel  which  has  a  fine 
mesh  screert.  This  prevents  the  en'try  of  foreign 
matter  and  at  the  s^e  tim^e  psevents  the  entry 
of  air  bubbles  into  the^  hydraulic  system .  The  oil 
should  never  be  allowed  to  becomfe 
contaminated  with  water. 

DIRECT  CURRENT  PILOT  MOTOR 
CONTROL.-The  di^  ci/rfent  pilot  motor 
type  of  remote  control  is  used  with  some  early 
electrohydraulif  steering  gearS.  It  consists  of  a 
small,  rfcversible  direct  current  motor,  which  i\ 
connected  through  a  ^  differential  gear  to  the 
control  shaft,  of  a  variablg-stroke  pump.  The 
.pilot  motor  is  controfled  by  a  magnetic  control 
panel  located  next  to  the  motor  and  with  a 
master  controller  located  at  the  steering  wheel. 
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The  motor  has  a  magnetic  brake  which  stops  and 
•  holds  the  motor  when  the  master  controller  is 
returned  io  tlje  neutral  position. 

AUXILIARY  HAND^OPERATl^aN. 
y\4ixiiiary  hand  gear  is  provided  Xor  most  ships 
that  have  electrohydraulic  steering  gears.  This 
aifkiliary  hand  gear  usually  consists  of  a 
hand-operated  hydraulic  pump  supplemented  by 
chain  hoists. 

The  hydraulic  emergency  steering  system 
consists  of  a  Mlief  valve,  shuttle  valve, 
hand-operated  dual  hydraulic  pump,  associated 
piping,  valves,  and  fittings.  The  piping  from  the 
emergency  pump  to  the  main  hydraulic  system 
is  arranged  so  that  the  high- pressure  stop. valves 
can  be  closed  to  prevent  leaka^  throUgli  the 
main  hydraulic  units  from  the  pressure 
developed  by  the  hind  pumps.  The  emergency 
pumj^is  usually  connected  to  the  main  hydraulic 
system,  permitting  the  use  of  all  four^ram 
cylinders.  If  the  emergency  pump  is  not 
.  connected  in  this  manner,  it  is  necessary  to 
reduce  the  speed  of  the  ship  in  order  to  limit  the 
ram  pressure  to  that  pennitted  by  the  pump 
'design.  Since  it  is  necessary  to  block  off  the 
ernergency  system  under  normal  steering  gear 
operatioifr,  the  emergency  lines  are  gefferally 
connected  to  the  drain  valves;  this  eliminates  the 
necessity  of  additional  high-pressure  valves. 

As  the  emergency  steering  system  described 
above  depcnds.on  an  iifitact  hydraulic  system  for 
operation,  amder  x^ositioning  equipment^  to 
permit  steering  with  the  propellers  (after  all 
other  means  of  steering  have  b(;en  rendered 
inoperable)  is  also  furnislied.  Tills  equipment 
consists  of  chain  hoists  and  suitable  attachments 
for  moving  the  rudder  with  the  ship  dead  in  the 
water. 


^Maintenance  of  Electrohydraulic 
Steering  Oears  *  , 

■ .  . '    ■  V  > 

.  The    maintenance    required,  for'  most^ 
'elejctrohydraulic  steering  gears  is  shown  oh  the 
Maintenance  Index  Page,  figure  20-6.  In  addition 
io  this  maintenance,  it  is  important  tiiat  the 


exposed  parts  of  the  steering  gear  rams  be 
protected  a^iinst  water  and  dama^  from  rolling 
or  falling  objects-  Cover  them  with  a  thin  film  of 
rust  preventive,  compound  or  a  heavy  oil.  To 
protect  the  exposed  parts  from  rolling  objects, 
placs  a  guard  over  the  p^rts,  and  keep  the 
steering^ear  compartment  clear  of  loose  gear  at 
all  times. 


Steering  En^neroom  Watch 


As  an  Engineman,  you  may  be  Tequiredto 
stand  watch  in^he  steering  engineroom, 
duties  of  the  steering  en^neroom  watch  include 
operation,  care,  and  emergency  repair  of  the 
machinery  in  your,  charge.  Operating 
instructions  and  system  diagrams  are  posted  in 
the  steering  engineroom.  The  dia^ms  IJescribe 
the  various  me&ods  of  operating  the  steering 
gear  under  normal  and  ^ergency  conditions 
and  show  the  relative  posi^ons  of  t]je  valves 
concerned  for  ^ch  method  of  operation. 


During 
engineroom: 


your    watch    in    the  steering 


1 .  Make  sure  that  tlie  .Standby  equipment  is 
ready  for  instant  use  in  an  emergency, 

2.  Inspect  the  steering  gear  thoroughly. 
Check  the  unit  by  feeling  the  various  parts. 
Report  any  part  that  feels  "HOT*  to  the  bare 
hand  to  the  officSr  of  the  deck  on  the  bridge 
and  to  the  officer  of  the  -^atch  in  the 
engineroom. 

,  3.  Investigate  for  binding,  overloading,  and  I 
lack  of  lubVication.  ^ 

4,  Li|fsn  for  new  or  unusual  noise's  wkich  . 
may  indicate  loose  parts  or  wear.  ^  ^ 

5,  Bleed  all  air  out  o^f  the  system.  , , 

6,  Check  for  leaks  in. the  line  and  fittings. 
Piping  leaks  usually  occur  following,  unusual  ' 
strain  (a^from  rough  seas).  Most  leaks  j:an  bet 
corrected  by .  tightening  the  flange  T^olt^,.  Small 
leaks    at    ram    packing    glands    are  not 
objectionable  since  {he^  small  flow  tjf  hVdraulic 
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fluid  provides  lubrication.  Aliyays  maintain  the  ^  electric^  electrohydraulic,  and  the 
sufficient  fluid  in  the  tanks. 

7.  Qifeck  and  ensure  that  all  grease  fittings 
and  surfaces  requiring  lubrication  are  lubricated 
in  accordance  with  the  instructions  *  on  the 
lubrication  cliart.  \         ,  / 

8.  Observe  all  applicable  safety  precautions. 
•Kec^^  oil  off  the  deck.  Exercise  extreme'  caution 
when  working  in  the  confined  sjJaces  around  the 

*  rams  and  actuating  gear.  ATI  clothing  should  be 
free  of  loose  ends  that  migiit  catch  in  the' 
macliinery.  ^  .  . 


WEIGHT-HANDUNG  EQUIPMENT 


To  qualify  for  advancement  *m  rating,  ypu 
must  be  familiar  with  the  construction  ^ 
^operation,  and  rfiainter^ance  of  'anchor 
windlasses,  cranes,  and  winches.  The  discussion 
of  such  machinery  and  other  weight-handling 
equipment,  such  as  capstans  and  elevators, 
whichToilows,  is  supplementary  to  that  given  in 
I'irenuiH,  NAVEDTRA  10520.         ,  . 


Anchor  Windlass^ 

.  Tn  a  typical  felectrohydraulic  mechanism,  one 
constant-speed  electric  motor,  drjves  two 
variable-stroke  pumps  tlirough  a  coupling  and 
reduction  gear.  Other  instal^lations  include-two' 
motojs,  one  for  driving  each-pump.  Each- pump 
normally  drives  onel wildcat,  althougtfe(with  the 
use  of  3'Way  plug  cock  type  valve's)  either  pump 

•  may,  drive  either  of  the  two  wildcats.  The 
hydrauhc  motors  drive  the^  wildcat  shafts  by 
means  of  multiple  spUr  gearing  and  a  locking 
head.  Tlii  locking  head  pennijts  disconnecting 

^he  wildcat  shaft,  thus  permitting  free  operation 
of  the  wildcat,  as  when  dropping  anchor. 

Hach  windla.ss  pump  is  controlfed  either 
from  the  '  w^eather  deck  or  locally  with 
h'andwheels  ot  shafting  leading  to  the  pump 
control.  Tlie  Hydraulic  system  will  require  your 
attention.  Be  certain  that  the  hydraulic  system  is 
always  serviced  vyitli  the  specified'tyf)e  of  cleaii^ 

.  oil,  -  '  . 

'Hie  types  *af  anchor  windlasses  that  an"^ 
Ejigineman  may  have  to  maintain  are  normally 


han^-driven  windlasses.  Hand-driven  windlasses 
are  used  only  on  small  ships  where  the  weight  of 
the  anchor  gear  is  such  that  it  can  be  handled 
without  excessive  effort  by  operating  personnel<j^| 

In  maintaining  a  hand  windlass,  the  m^jor  / 
factor  is  to  keep  the  linkage,  friction  shoesj 
locking  head,  and  brake  in  proper  adjustment 
.  and  in  satisfactory  operating  condition  at  all 
times.  In*  n\aintaining  an  electrohydrauhc 
windlass,  your  principal  concern  is  the  hydraulic 
system.  \ 

jEven'  though  used  intermittently  and  only 
for  relatively  sliort  periods  of  time,  a  windlass 
musJnbe  capable  of  liandling  the  required  load 
under  extremely  severe  conditions-  To  prevent 
deteriorajion  and  '  to  provide  dependable 
/  operation  whenever  required,  maintenance 'and 
adjustment  must  be  continued  during  the. 
Y>eriods  when  the  machinery  is  not  in  use. 
'  >  -» 

/  WindlassMbrakes  must  be  maintained  in 
^satisfactory  condition  iif  they  are  to  perform 
'  their ,  function  properly.  Because  of  wear  and 
cqmpression  of  brake  ^linings,  the  clearance 
y  between  the  brake  drurft  and  band  increase 
,after  a  windlass  has  been  in  opefation.  Brak^- 
linings  '  and   clearances   should  be  inspected 
•  fre.quently.  Means  of  adjustment  are  provided  on 
.  ,  alf  windlass  bt^es.  Adjustments  should  J)e'made  ' 
in  .  accprdance    with;   the  manufacturer's* 
instructipns.  '    '   j        ,  '  ,  f  ^ 

You  should' carefully  follow  tlie  lubrication 
instcuClidns  fumishe^^  by  the  rnanufacturer.  If  a 
windlass  ha^-been  idle  for  some  time,  it  should 
be  lubricated  before^  being  put  into  operation* 
After  >a  windlass  haS  been  used,  jt  should  be  , 
lubricated  to^  prQtect  finished  surfaces  from 
*  corrosion  and  to  pfSvent  seizurrf  of  moving 
parts.  ■  ,  ^  ' 

y\\  e  h  y  d  la  u  1  i  c  t  ransmissions  of 
electrohydsauHc  windfasses  dnd  other  auxiliaries ' 
vare  manufacture  wi til  close  toIeranc(2?s  between 
njoving  and  stationary  parts.  If  these  tolerances^ 
are^  to  Be  maintained  and  Unnecessary  wearSs  to 
be  prevented,  every  possible  precaution  must  be 
taken       prevent  the-  entry  of  dirt  and  other 
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abrasive  material  intoLthe  system.  When  the 
system  is  replenished  or  refilled,  only  clean  oil 
should  fee  used  and  it  should  be  strained  as  it  is 
poured  into  the  tank.  If  a  hydraulic  transmission 
has  been  disassembled,  all  parts  should  be 
thoroughly  cleaned  before  reassembly.  Before 
piping  or  valves  are  installed,  their  interiors 
should  be  cleaned  to  remove  any  scale,  dirt, 
preservatives,  or  other  foreign  matter. 


Win(phes  and  Capstans 


Winches  are  used  for  heaving  in  on  mooring' 
lines,  hoisting  boats,  topping  lifts  on  jumbo 
booms  of  large  auxiliary  ships,  and^ for  handling 
cargo.  Power  for  operating  shipboard  wfeicheJs  is 
usually  furnished  by  electricity  and,  on  some 
'older  ships.  4)y  steam.  Where  delicate  control 
and  higli  .acceleration  without  jerking  are 
required,    such    as    for    handling  aircraft, 


electro^draulic  winches  are  usually  installed. 
Most  auxiliary  ships  are  equipped  with  cither 
electrohydraulic  or  electric  winches, 

CARGO  WINCHES.-Among  the  various 
types  of  winches  for  general  cargo  handling  are:., 
double-drum,  doubie-gypsy,  and  jingle-drum,  ' 
single-gypsy    units.    Four-<irum,(  two-'gypsy' 
machines  are  generally  used  for  mn^esy/eeping. 

Electrohydrauhq  Winches. -Electrohydraulic  ' 
winch^  (fig.  20-7)  are  always  drum  type.  The  * 
drive  equipment  is  like  most  hydraulic  systems: 
a^constant-speed  electric\motor  drives  the  A-end 
(yariable-strok?  hydraulic  pump)  which  is 
connected  to  ihe  B-end  (hydraulic  itiotor)  by 
suitable  p^ing.  Th^  drum  S^iaft  is  driven  by  the 
hydraulic  motor  through  reduction  gearing. 

Winches  normally  have  one  horizontally 
mounted  drum  and  one  or  two  gypsy  heads.  If 
only  one  gypsy  is^  required,  i^  may  be  easily 
'removed  from  or  assembled  6n  either  end  of  the 
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drum  shaft.  When  a  drum  is  to  be  used,  it  is  minesweepers)  they  also  may  be  operated  by 

connected  to  the^shaft  by  a  clutch.       .          ^  hand,  in  an  emergency,  by  using  bars  fitted  into 

*         '  the  pigeonholes  in  the  capstan  head.  Depending 

Electric   Winches.— An  '  electricallp  driven  on  the  type  and  size  of  a  ship,  capstans  may  be 

winch  is  shown  in  figure  20-8.  This  winch  is  a  located  any  place  on  the  deck. 
single-Kirum,  single-gypsy  .type.   The  electric 

motor  drives  the  unit  through  a  ^t  of  reduction  Electric   Capstans. -Electric   capstans  are 

gears.  A  clutch  is  also  ^^rovided  to  engage  or  usually  of  the  reversible  type  and  develop  the 
disengage   the  drum   from  the-drupi  shaft.  ^   ^  same  speed  a^id  power  in  either  ^  direction. 

Additional  features  include  an  electric  brake  and  Capstans  drive;i  by  alternating  current  motors 

a  speed  cpntrol  switch.  haver  two  speeds,  full  speed  and  one^half  speed. 

.              *            .      *         '  '  Capstans  driven  by  direct  current  motors  usually 

'\      -  CAPSTANS. -To  facilitate  handling  laige,  hav^  from  three  to  five  speeds  in  either  direction 

heavy  mooring  lines  and  wires,  capstans  are  of  rotation, 

mounted  on   deck.  These  capstans  may       ^  j 

,      separate  machinery  units,  as  usually  seeti  on  fug   ^  Steam  xJapstans.— Steam  ^  capstans  were 

'■y,  .boats,  or  they  may  be  part  of  the  anchor  formerly  used  extensively  in  Navy  ships,  but 

,:  v  windlass,  as  on  most  Navy  ships.      '  they  are  now  used  only  occasionally  where  the 

,      The  essential  feature  c^th«  capstan  is'the  electric  power  is  insufficient. 
^  vertical  spool-shaped  drum^itted  with  pawls. 

Whelps  or  ridges  on  the  drum  are  provided  to  Maintenance  of  Winches  and  Capstans 
K  keep  the  lines  from  slipping,  especially  when 

wet.      ^      ,         ^                 \  In  several  respects,  the  maintenance  of  a 

Capstans  are  powered  by  either  steam  of  winch  or  a  capstan  is  similar  to^that'for  a 

electricity.    On    small    ships    (such    as  wififilass.  Where  band  brakes  are  used  on  the 
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drums,  the  friction  linings  should  be  inspected 
regulaiiy  and  replaced  when  necessary.  Steps, 
should^  taken  to  prevent  oil  or  grease  from 
accumulating  on  the  brake  drums.  The  operation 
of  brake-actuating  mechanisms,  latches,  and  ' 
pawls  should  be  checked  periodically. 

Winch  drums  driven  by  friction  clutches  - 
should  be  inspected  frequently  to  determine  if 
deterioration  has  occurred  in  the  friction 
material  or  if  oil  and  grease  are  preventing 
proper  operation.  The  sliding  parts  of  positive 
clutches  must  be  properly  lubricated,  anif  tht 
locking  device  on  the  shifting  geaf  should  be 
checked  to  determine  if  it  will  hold  under  load. 
The  oil  of  gear  reduction  units  should  '  be 
clTecked  for  proper  amount,  temperature,  and 
purity.  Periodic  inspectio,ns  should  be  made  of 
the  {Pressure  lubricatioi^  fittings  normally 
installed  on  slow  moving  parts.  On  installations 
that  use  hydraulic  transmission,  the  pumps  and 
lines  arc  maintained  in  the'same  way  as  tliose  of 
any  other  hydraulic  system.  ,  » . . . 


Cranes 


Cranes  are  designed  to  meet  the  following 
conditions: 

1.  To  hoist,  iower,  top,  and  rotate  rated 
load  at  the  specified  speed  and  against  a 
specified  Jist  of  the  ship. 

2.  To  handl^e  150%  rated  load  at  no 
specified 'Speed.  .  . 

3.  To  withstand  a.  static  suspended  load  of 
200%  rated  load  without  damage  or  distortion 

'to  any  part  of  the  crane  or  structure. 

The  types  of  cranei  installed  in  ships  vary  in 
accordance  with  the  equipment  handled.  Cranes 
are  classified  as  general  type  and  type  of  drive  as 
follows. 


1. 


d. 


General  Type 
a.   Stating  king  post 
Stationary  king  post 
ftidestal  mounted  J 
Jib  / 
Traveling  ^ 
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2.  Type  of  drive 

a.  Electrohydrauiic 

b.  Electromechanical 

c.  Gasoline  engine 


d.  Diesel  engine 

e.  Hand  operated 


The^  crane  equipment  ^nerally  includes  the 
boom,  -king  post,  .king  post  bearings,  sheives, 
hook  and  rope,  machinery  platforms,  rotating 
gear,  ^ms,  hoisting,  /topping  and  rotating 
drives,  and  controls.  Tlie  important  compofldits 
are  described  in  the  paragraphs  which  follow. 

,  BOOMS. -A  boom,  used  as  a  mechanical 
shipboard  appUance,  is  'a  structural  unit  for 
lifting,  transferring,  or  suppdrtisg  heavy  weights.  - 
A  boom  iis  used  in  conjunction  with  other 
structures  or  structurateiembers  which  support 
it,  and  various  ropes  and  pulleys,  called  blocks, 
which  control  it. 

AnG  post  BEARINGS.-On  Stationary 
king  po^ts,  bearings  are  firovided  for  taking  both 
vertical  load  and  horizontal  strain  at  the  collar, 
located  at  the  top  of  the  king  post.  On  rotatinjg 
king  posts,  bearings  are  provided  for  both 
vertical  and  horizontal  loads  at  the  base  and  for  ^ 
horizontal  reactions  at  a  higher  deck'level. 

SHEAVES  AND  ROPES.-The  hoisting  and 
toppmg  ropes  ar?  led  ^from  the  dnmis  over 
sheaves  ,  to  the  head  of  the  boom.  The  sheaves 
and  ropes  are  designed  in  accordance  witii 
*Vecommendatibns  by  the  Naval  Sea  Systems 
Command,  which  give  the  criteria  for  selection 
of  sheave  diameter,  aze,  and  flexibility  of  the 
rope.  Sufficient  fair-iead  sheaves  are  fitted  to 
.prevent  fouling  of  the  rope.  Electricallnsulators 
may  be  installed  at  the  hoisting  block  or  sheave 
at  the  head  of  the  boom,  to  take  "care  of  shdck 
hazards.  '  ^ 

MACHINERY  ,PLATFORMS.^Machinery 
platforms  carry  .the   power  equipment  and 
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operator's  station.  These  platforms  are  mounted 
on  the  king  post  above  the  deck. 


ROTA  T  'liM  G 
PINIONS. -Rotation 

acc43mplished  vertical  shafts  with  pinions 
engaging  a  large\  rotating  gear 


GEAR  AND 
of    the  .cf^ne  is 


DRUMS.-The  drums  of  the  hoisting  and 
topping  winches  are  generally  grooved  for  the 
proper  size  wire  rope.  The  drums  in  the  latest 
designs  are  arranged  to  stow  the  rope  in  one 
layer  to  facilitate  spooling  and  to  prevent 
crushing  of  the  rope.  The  hoisting  system  is 
arranged  for  usa^with  single  or  multiple  part 
lines  as'  tequu'ed.  The  topping  system  is  arranged 
for  use  with  a  multiple  purchase  as  required. 


Operation  and  Maintenance  of  Cranes 


The  hoisting  whips  and  topping  lifts  of 
cranes  are  usually  driven  by  hydraulic 
variable-speed  gears  through  gearing  of  v^ous 
types.  This  provides  the  wide  range  of  speed  and 
dehcate  control  required  for  load  handling.  The 
cranes  are  usually  rotated  by  an  electric  motor 
connected  to  worm  and  spur  geariitg  or  by  an 
electric  motor  and  hydraulic  variable-speed  gear 
connected  to  appropriate  reduction  gearing. 


Some  electrohy^draulic  cranes  have 
automatic  slack  "line  takeup  equipment, 
consisting  of  an^  electric  torque  motor  geared  to 
the  drum.  When  thesfc-cranes  are  used  for  lifting 
boats,  aircraft,  or  other  iqads  from  the  water, 
the  torque  motor  assi&ts  tni^Jiydfaulic  motor 
drive  to  reel  in  the  cable  in  ca^thfe  load  is  lifted 
faster  by  the  water  than  it  is  being  hoisted  by 
the  crane. 

,  Ele'ctrohydraulic  equipment  for  the  crane 
consists  of  one  or  more  electric  motors  running 
at  constant  speed.  Each  motor  drives  one  or 
more  A-end  variable-displacement  |iydraulic 
pumps  whose  strokes  are  controlled  through 
operating  handwheels.  START,  STOP,  anci 
^EMERGENCY  RUN  oushbuttons  are  located  at 
the  operator's  staticm  for  the  control  of  the 
electric   motors.  Interlocks  are  provided  to 
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prevent  starting  tlie  electric  motors  when  the 
hydraulic  pumps' are  on  stroke.  B-end  hydrauUc 
motors  are  connected  ^to  the  A-end  pumps  by 
.  piping  and  drive  the  drUms  of  the  hoisting  and 
topping  units  or  the  rotating  machinery. 

Reduction  gears  are  provided  between  the 
electric  mo^r  and  the  A-end  pump  and  between 
the  B^nd  hydraulic  motor  and  the  rotating 
pinion.  Each'  lioisting,  topping,  and  rptating 
drive  has  ^  eleptric  brake  on  the  hydraulic 
motor  output  sh^ft.  The  electric  brake  is 
kiterlocked  with  the  hydraulic  pump  control  so 
that  the  brake  will  set  when  the  hydraulic 
control  is  on  neutral  or  when  electric  "power  is 
lost.  A  centering  device  4s  provided  ifor . 
accurately  finding  and  retaining  the.  neutral 
position  of  the  hydraulic  pump. 

Relief  valves  are  installed  to  protect  the- 
hydraulic  system.  These  reUef  valv-es  are  ^t  in 
accordan'ce  with  the  requirements  of  Chapter 
556  of  the  NA  VSHIPS'  Technical  Manual 

Maintenance  of  cranes  should  be  in 
.accordance  with  the  Planned  Maintenance 
System  requirements  or  the  manufacturers* 
instructions.  In  general,  the  maintenance  of 
electrohydraulic  cranes  requires  that  the  oil  in 
the  replenishing  tank^  be  kept  at  the  prespribed 
^levels  and  that  the  system  be  kept  clean  and  free 
^of  air.  The  limit  stbp  and  other  mechanical 
safety  devices  must  be  checked  regularly  for 
proper  operation.  When  cranes  are  not  in  use, 
they  should  be  secured  in  their  stowed  positions^ 
and  all  electric  power  to  the  controllers  should 
be  secured; 


GALLEY  AND  LAUNDRY  v 
EQUIPMENT 


The  Navy  uses  a,  variety  of  efcjuipment  to 
perform  laundry  and  galley  functions.  Tlie  tyi^ 
of  equipment  installed  will  depend  on  the  size  of 
the  ship,  the  availability  of  steam,  aird^ther 
factors.  For  reference,  ^obtain  and  maintain  the 
equipment  manufacturer's  technical  manual  for 
each  different  piece  of  gear  aboard.  Preventive 
mdntenance  is  to  be  scheduled  and  perfomied 
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according  io  the  requirements  ojf  the  3-M 
sy^em. 

STEAM-JACKETED  KETTLES 

Steam-jacketed  kettles  (fig,  20-9)  come  in  a 
variety  of  sizes  from  5  ^ons  to  80  gallons. 
*Kcttles  are  made  of  corrosion-resisting  steel.  The 
.kettles  are  constructed  to  operate  at  a  maximum 
steam  pressure  of  45  psi.  A  reUef  valve  is 
installed  in  the  steam  line  leading  to  the  kettles, 
set  to  lift  at  45  psi.  Maintenance  on  these  units 


is  normally  limited  to  maintaining  the  steam 
lines  and  valves  associated  with  the  kettles. 

Other  steam-o^rated  cooking  equipment 
includes  steamers  (fig.  20-10)  and.  steam  tables 
(fig.  20-11).  Steamers  use  steam  ^t  a  pressure  of 
5  to  7  psi  ,^  steam  tables  use  steam  at  a  pressure  of 
40  psi  or  less. 

DISHWASHING  EQUIPMENT 

Dishwashing  machines  used  in  the  Navy  are 
classified  as  one-tank,  two-tank.  Or  three-tank 
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machines.  The  three-tank  machine  is.  a 
automatic,  continuous  racking' machine  whidi 
scrapes,  brushes,  and  provides  two  rinses,  ft  is 
used  at  large  activities, 

'*  J  m.  ' 

^gle  Tank  ■  ."^ 

Single  tank  machines  (fig.  2p^2)  are  used  in 
ships  where  lafger. models  are  not  feasible. 

To  control  the  bacteria  to  a  satisfactory 
minimum  in  single-tank  -machines?  the 
iemj^rature  of, the  washwater  in  the  tank  must 
be  140° F  (60°C).  Consequetkly.  a  thermostat  in 
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Figurt  20-12.--Tyiiic«l  samiwtofnatic  $ingl#-tank  d»«hw«fhir^  michint. 
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the  niaphlie  prevents  operation  when  the 
temperature  of  the  water  falls  below  HO^'F, 
Water  t-empcratures  higher  than  160^F  (ll^'C) 
result  in  less  efficient  removal  of  certain  foods. 
The  washing  time  in  .the  automatic  machines  is^ 
40  seconds.  * 

For  rinsing,  hot  water  is  sprayed  on  [the 
dishes  from  an  external  soutce  and  is  cbntjrolled 


by  an  adjustable  automatic  steam-mixing  valve 
which  maintains  4he  rinse  w^ter  between  i80° 
and  1^5°F(82°  and90°9).^ 

.  To  conserve  freshwater,  the  rinse  time 
interval  is  usually  limited  to  10  secon«;J*s.  When 
water  supply  is  not  a  problem,  a  rinse  jof  20 
seconds  is  recommended.  f  * 
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V^iash  and  rinse  sprays  axe  controlled 
separately  by  automatic,  sdf-opening  and 
clQsing  valyis  in  the  automatic  macliine.  The 
automatic  machines  provide  a  40-second  wash 
and  a  10-second  rinse.  '  _  * 


Rouble 


Tank 


Double  tank  machines  (fig.  20-13)  are 
available  in  several  capacities  and  are  used  when  - 
more  than  150  persons  are.  to  be  served  at  one 
meal.  These  machines  have  separate  wash  and 
rinse  tanks.  They  also^  have  a  final  rinse^of  hot 
water  which  is  sprayed  on  tlie  dishes  from  an 
\extemal  source.  This  spray  is  opened  by  the  ^ 
r^cki  as  they  pas^  through  the  machines.  The 
spray  automatically  closes  when  the  rins6  cycle 


is  completec^.  The  tlnal  rinse  is  controlled , by  an 
'adjustable  automatic  steam  mixing  valve  which, 
maint^ns  the  temperature  between  ISO""  and 
195°F.  Double  tank  machines  are  also  equipped 
with  a  thermostatically  operated  switch  in  the 
rinse  ta^k  which  prevents  operation  of  ihe 
machine  if  the  temperature  of  the  rinse  water 
Talis  below  180^ F.  The  racks  pass  throu^  the 
'machine  kutomaticaily  on  conveyor  chains.  Thp 
two-tank  -dishwashing  machine  should  be  timed 
so  that  the,  utensils^  are  exposed  to  the  machine 
Sprays  for  not  less  than  40  seconds  (20-^con4 
wash'  20-second  rinse).  , 

D^OiUNG  DISHWASHERS  : 

The  \  ^conraularion^t  ff  sckle  deposits  in 
dishwaslung  m*Bchines  should  be  prevented  for  at 
least    two    reasons.    FIRST— excessive  scale 
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Figure  20-13«-Typical  automatic  dcHtUe-tank  dishwashing  machine. 
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deposit  on  the  inside  of  pipes  and  pumps  will 
dog .  tiiem  and  interfere  yvith  the  efficient 
performance  of  the  machine  by  reducing  the 
volume  of  water  that  comes  in'contact  with  the . 
utensils  during  the  washing-  and  sanitizing 
process.  SECOND-scale  deposits  provide  a^ 
haven  for  harmful  bacteria. 

'   '    ■       ■ '  •    •  . 

The  supplies  needed  for  descaling  are- 
availabfe  througli  Navy  supply  channels.  See  the 


supply  list  belaw: 
%tf)ck  Number 

^G681O00-264-6722 


S»07930-0(^282-9699 


Description  of  Material 

OrthophospHoHc  acid 
^.5%  technical,  7-lb 
bottle 

Dietergent,  general  pur- 
pose  1-gal  can 

9Q793O-0O-9^5-69 1 1      Detergent,  general  pur- 
."  ^        pose  5-gal  paij 

•  Yoii  sl^d  know  the  capacity  of  the 
dish^^ashing  n^achi-'ne  tanks.  This  may  be 
determined  by  measuring  "(in  inches)  the  inside 
dimensions  of .  each  tank  and  applying  the 
following  formula:  length  X  width  X  depth  (to 
water  line)  -^  23 1  =  capacity  jn  gallons. 

Steps,  and  key  points  in  descaling  the^ 
machine:  '  •    «    .     •  ^  ^ 

r^-  1.  Fin  the  tanks  halfway  to  the  overflow 
level  with  hot, '  clean  water.  If  tanks  are  not 
fitted  with'  wate»  level  indicators,  Femove  a 
section  of  the- scrap  tray  in  each  tank  so  that 
you  can  see  the  overflow  pipe." 

;  2. '  Add  the  required  amount  of  acid  and 
dfetergent  to  -the  water  to  prepare  the  cleaning 
soluti'on.  Measure  amounts  carefully.  Use  7  fluid 
ounces  of  orthophosphoric  acid  85%  plus  1/2 
fluid  ounce  of  detergent,  general  j5urpose,  for/ 
eac^  gallon  capacity  of  the  tank  When  filled  to 
ovcriflow  level. 

3.  Complete  filling  the"  tank*.  Fill  to 
overflow  leVel.      -  "■  % 

4.  Put  scrap  screens,  spray. p'ipes,  and  splash 
curtains  in  place.  Scale  deposits  '  on 
all  attac'hments  must  be  removed.  , 

5.  Turn  on  n^achine.  Operate  the  machine 
at  the  highest,  possible '  tempe^ture  far  60 
minut^., 


6.  Turn  off  and  drain  the  machine. , Open 
the  drain  valves  and  allow  all  the  cleaning 
solution  to  drain  from  the  tanks. 
^       7.  Refill.  Use  fresh  hot  water. 

8.  Turn  on  the  machine.  Operate  the 
machine  at  the  highest  temperature  for  5 
minutes.  ■ 

Repeat  steps  .7  and  8  several  -times.  The 
entire  method  shoaid  be  repeated  at  such 
•    intervals  as  may  be.  required  to  assure  efficient 
operation  of  the  dishwashing  machine. 


LAUNDRY  EQUIPMENT 

Equipment  used  in  the  cleaning,  drying,  and 
pressing  of  clothing  includes  washers,  extractors, 
dryers,  dry-cleaning  machines,  and  various  types 
'  of  presses.' 

Mpst  of  the  mairiteriance  associated  with  this 
equipment  is  concerned  with  inspecting  and» 
lubricating  the  various  pjfts. 

Most  laundry  equipment  is  ejjbipped  with  a 
number  of  safety  devices.  If  disabled,  these 
"safety  devices  can  result,  and  liave  res^ilted,  in 
shipboard  "fires,  damage  to- e^uipfhent^. damage 
to  clothing,  and*  in  n?any  cases  personnel 
mjuries.  Special  attention  should  be  given  these 
safety  devices  during  preiyentive  and  corrective 
maintenance  with  extra  speciaf  attention  b,eing 
given"  those  devices  .designed  to  protect 
operators.  ^ 


AUXILURY  BOICeRS 


Auxiliary  boilers  are  used  in  diesel-driven 
shijps  to  supply  steam  for  distilling  plants,  space 
heating,,  oil  heating,  Water  heating,  galley,  anti 
laundry.  These  boilers  are  equipped  with  all 
auxiliaries,  accessories,  and  controls  to  effect  a 
unit  assembly  and  -are  arranged  to  operate  as 
complete  and  self-contained  steam  generating 
plants.  Because  of  this  distinctive,  arraiigcfhent, 
these  boilers  are  called  by  their  manufacturers 
■'steam  .generating  'units''  and  "steam 
generators." 


qlapter  2bKAI?D^0NAL  AUXIUARY  HE^PMENT 


TYPES  OF  BOILERS 


r"^  .     Auxiliary  boilers ,  in  Navy  ships  may  be 
divided  into  two.groups:  Water  tube  type  boilers 
and  fire  tube  type  boilers,.  Boilers  of  the  water 
tube    type    are    further    classified  as 
.    natural-circulation  boilers  and  f or ced-6irculation 
,    boilers.  ^  ' 


Water  Tube  NaturaKlrculation  Bcikis. 


'  Water  tube  natxiral-circulation  boilers  consist 
basically  of  a  steam  drum  and  a  water  drum 
comiected  by  a  bank  of.  generatiijg  tubes-.  The 
two  drums  are  also  connected  by  a  row^of  water 
-tubes  which  fomf  a  water-cooled  sidewaH 
opposite  the  tube  bank.  The  ^^ter-wall  tubes 
pass  beneath  the  reTractory  furnace  floor  before 
they  enter  the  water  drum.  The  steam  and  water 
dmms  may  also  be  connected*  by  several  iarger, 
tubes,  called  dQwn comers,  located  at  the  frpnt 
and  re;^r  ends'of  Uie  boiler.  Refractory  is  used  to 
protect  ^ese  dOwncomers  from  contact  with 
the  combustion  gases.  * 

In  operation  the  water  iij  the  tubes  receives 
heat  from  the  furnace  gases,  becomes  less  dense, 
and  flows  toward  the  upi>ef  end  of  the  tubes! 
Before  reaching  the  steam  drum,  some  of  the 
water  forms  steam  but^bles  which  rise  to  the  top 
-of  tlie  steam  drum.  *the  hot  water  and  steam  are 
displaced  by  more  of  the  relatively  cool  water 
flowing  •  fronv  the  upper  drum  through  the 
downcomers  to  the  lower  drum  and  into  /the 
tubcsrj  Thus  '  a  continuous  circi*lation;  is 
established.  -  - 


Water  Tube  Forced-Qrculation  Boilers 


Water  tube  forced-circulation  boilers  differ 
from  the  natural-circulation  boilers  chiefly  in 
that  pumps,  instead  of  a  difference  in  th§^ 
density  of  ascending  and  descending  fluids/force  | 
a  continuous  circulation  of  water  through  the*-- 
systcm-  In"  >ome  auxiliary  boilers  of  the 
forced-circulation    type,    water  is  circulated 


through  coils  whidx:may  be  located  abpve,  or 
form  a^^^gart  of,  the  combustion  space.  The  hot 
water  froi)^  these  coils  is  discharged  into  the^ 
cham))^r,  where  part  of  the  water  flashes  into 

^stenm.  Tlie  steam  accumulates  in  the  upper 
jwrtion  of  the  chamber  and  the  unevaporatcd 

^  water  collects  in  the  lower  portion.  The  water  is 
recirculated,  back  to -the  heating  coil  or  y/ater 
tank.  (See  chapter  221  of:^AVSHlPS'  Technical 
Manual) 


Fire  Tube  Boilers 


Fire  tube  type  boilers  are  generally  similar  to 
_  Scotch  marine  or  locomotive  ^boilers.  In  this, 
type  of  boiler  the  gases  of  combtiistion  pass 
through  tut?€s  that  are  surrounded  by  wafer. 
There,  are  a  number  of  auxiliary  boilers  of  the 
fire  tube  type  in  use  in  diesel-driven  ships. 
Figure  20-14  illustrates  a  typical  unit. 

OIL  BURNERS  ^ 

Oil  bjumers  used  on  auxiliary  boilers  We  of 
the  mechanical  atofnizing  type.  Most  burners 
have  pressure  type  atomizers;  however, , a  few 
atomizers  of  tlie  rotary  cup  type  are  in  use.  Two 
of  the  types  commpnly  used  a|e  the  constant 
cajiacity  pressure  atomizing  burner  and  the 
.  variable  capacity  pr^sure  atomizing  burner. 

.     '         .        J  ^ 

Cofistant  Capadty  Pjesure 
Atomizing  ibmers 

Constant    capacity    pressure  atomizing 
^burners  are  arranged  for  electric  ignition  and 
automatic    control.  Basically,  these  burners 
consist  of  a  ^burner  cone  or  plenum  chamber 
connected  to  the  fan  casing,  brackets  for  nozzle 
and  electrodes,  and  an  oil  atomizing  nozzle. 
Variation  of  boiler  load  with  this  type  of  bumer 
Ai  accomplished  b^  the  automatic  "off  and  on** 
cycling  of  the  burner.  Burners  intended  to  meet 
*  wide  variation  of  boiler  steaming  loads  are 
designed  with  dual  or  triple  nozzle  arran^moits 
to  eliminate  excessive- cycling.  In  such  burners 
one  nozzle  is  used  as,  a  i^ilot,  and  additional 
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nozzles   are   nianimUy  cut  in  as  required. 
^  Standard  commer^  nozzley  are  used  with 
burners  of  this  type, 

A  typical  arrangement  of  a  burner  and 
construction  of  the  oil-atomizing*  no:^e  are 
shown  on  figures.  20- Jl  5  and  2d-l  6  respectively. 

VarU^e  Capdicity  Pressure 
Atomizing  Burner 

The  atomizing  unit  of  a  variable  capacity 
pressure  atomizing"  burner  consists  of  a  burner 
barrel,  nozzle  body  or  distributor  sprayer  plate, 
orifice  plate,  and- atomizer  nut.  Th^  capacity  of 


thfese  atomizers  is  regulated  by  an  oil^control 
valve  placed  in  the  oil  return  line.  While  the 
supply  of  oil.  to  'the  atomizer  is  kept  at  a 
constant  pressure  .  necessary  fioT  proper 
atomization,  amounts  of  oil  return^  from  the 
atomizef^  may  be  .varied  by  Increaang  or 
decreasing  pressure  at  the  oil  control  valve.  The 
amount  of  oil  atomized  is  always  the^ffereiice 

'  between  oil  supplied  to.  and  oil  retu^ed  from 
the  atomizer.  An  oil  metering  valve  is-  linked, 
with  a  mechanism  regulating  air  admission  to  the 
burner  so  that  air  ancL  oil  may  be  properly 
proportioned  over  thelwjtire  r^e  of  burner 

•  operation.  Typical  cpmrtniction  of  this  type  of 
atomizer  is  illustrated  in  figui^  20-17. 
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Figuf*  20-15.— Constant  capadty  fVMSi/^  atonii2ino 
burner  as  instaii«ti  in  bofMr  front 
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Figura  20-1&-Bum«r  nozda  diiaaambiad. 


BOILER  CONTROLS 

Methods  of  optjrating  auxiliary  boilers  may 
be  manuai,  semiautomatic  or  automatic. 
Controls  installed  on  auxiliary  boilers  depend  on 
the  method  of  operation-  Feedwater  controls 
that  are  used  may  be  classified  as 
Ihermomechanical,  float,  or  electrode  type. 

'  •  '  '        '  : 

I.  Thermomechanical  Feedwater 
Regulators  are  used  on  water  tube 
natural-circulation  boilers.  The  contfofelement 


'depends  on  the  water  level  in  the  boiler  steam 
drum.  Thus,  a  certain  water  level  in^the  drum 
corresponc^s  to  a^  certain  opening'  of  the 
feedwater  control  valve.  ' 

2.  Float  Type  jpeedwater  Regulating  and 
Low  Water  Cutoff -Controls  are  used  On  water 
tube  and  fire  tube  type  boilers  an;anged  for 
serniautonfatio  or  automatic  operation.  These 
controls  consist  of  a  float  chamber,  a  float,  an4 
a  switch-  The  float  chamber  is  comiected  to  the^ 
boiler  drum  so  that  the  water  level  in  the 
chamber  is  always  the  same  as  the  water  level  in ' 
the  drum.  The  float  is  interlinked  with  a  switch 
whidh  is  wired  into  the  feed  pump  control 
circuit.  The  switch  contacts  are  open  ;when  the 
water  level  in  the  drum  and  float  chamber  is 
normal.  A  drop  in  the  water  level  closes  tiie 
switch  contacts.  Tliis  starts  the  feed  pump. 
When  the  water  level  is*  restored  to  a 
predetermined  high  position,  the  switch  breaks 
the  contact  and  stops  the  feed  pump.  The  low 
water  cutoff  feature  consists  of  an  additional 
switch.  This  switch  is  mounted  in  the  same  case 
as  the  pump  switch  but  wired  into  the^  burner ' 
circuit.  If  the  water  level  ^  drops  below  a 
permissible  minimum,  the  low  watfer  cutoff 
switch  breaks  the  burner  circuit  and  stops  the 
burner.  > 

3,  Electrode  Typ^  Feedwater  Regulating 
•and  Low  Water  Cutoff  Controls  also  are  used  on 

wgter  tube  and  fire  tube  type  boilers  arranged 
for  semiautomatic  or  automatic  operation. 
These  controls  consist  of  an  electrode  assembly 
,and  a  water  level  relay.  The  electrode  assembly 
contains  three  electrodes .  of  different  lengths, 
corresponding  to  the  high,  low^  and  cutoff  water 
levels  in  the  boiler  drum.  A  typical  ^ectrode 
assembly  is  illustrated  in  figure  20- 1 8. 

The  electrode  assen^ly  is  installed  on  the 
top  of  the  boiler  drum  so  that  the  normal  water 
level  is  at  approximately  the  midpoint  betWeen 
the  high  level  and  the  low  level  electrodes.  The 
electrodes  are  ei^ctrically  wired  to  the  water 
level  relay  asscnibly.  The  relay  contains  the 
feedwater  pump  START  and  STOP  contacts 
wliich  are.  wired  to  the  feedSvater  ^pump 
controller  and  the  low  water  cutoff  which  is 
wired  into  the  burner  circuit.  The  feed  pump  is 
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'  started  when  the  water  level  in  the  boiler  drops 
below  tbe  middle  electrodj,^  After  the  water 
level  is  restored  arid  reacnes  the  high  level 
electrode,  the  feed  pump  is  stopped.  In  the 
event  tlie  water  level  is  not  restored  and  drops 
below  the  longest  electrode,, the  cutoff i^ontacts 
of  the  wat^r  tevel  relay  stop  the  burner  by 
breaking  tlie  burner  circuit,  ^  \ 

4.  Limit  Pressure  Switches  and 
Pressuretrols  lu'e  operated  by  steam  pressure  and 
control  burner  operation  within  a  fixed  range  of 
boiler  pressures.  Basically,  they  consist  of  a 
bellows  assembly  Unlced  with  a  snap  switch 
through  a^.  pressure  adjusting  mechanism,  The 
bellows-  assembly  expands  or  contracts  with  any 
increase  or  d^ease  in  boiler  pr^ure  and  causes 
the  snap  switch  to  open  or  clo^  its  contacts. 
The  pressure  adjusting  rtiechanism  is  set  so  that 

'the  contacts  open  and  close  at  definite  cutout 
and  cut-in  boiler  pressures.  The  ^  differential 
betwera  the  cutout  and  cut-in.  pressures  may  be 
either  adjustable  or  fixed. 
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On  boilers  adjusted  for  automatic  operation, 
the  s»ap  switch  is  wired  into  th^  burner  electric 
circuit  so  tliat  it  will  break  the  circuit  and  stop  - 
the  burner  when  the  cutoff  pressure"  is  reached 
and  will  make  the  ciftuit  and  restart  the  burner 
when  tlie  boiler  pressure  falls  below  the  cut-in  - 
pressure. 

On  boilers  arranged  for  semiautomatic 
operation  (manual  igru\ion),  the  snap  switch  is 
wired  into  the  burner  circuit  in  such  a  way  that 
it  will  break  the  circuit  at  the  cutoff  pfessure 
and  will  hold  it  op^n,  preventing  manual  restart 
of  the  burner,  until  pressure  falls  l^^ow  the 
cut-in  setting- 

A  typical  pressure  switch  arrangement  is 
shown  in  figure  20-19. 

5.  Modulating  P res su retrels  are  ' 
steam-roperated  rheostat  switches  used  for 
automatic  regulation  of  oil  and  air  admission  to 
the  burners.  Tliese  switches  are  similar  in  design 
to  limit  pressuretrols,  except  that  they  are 
equipped  with  a  potentiometer  coil  The  switch 
is  wired  into  the  circuit  of  ^ a  reversing  type 
motor  which  operate^  the  linkagfr^f  the  air-oil 
ratio  adjusting  mechanism.  When  boiler  (pressure 
increases  or  decreases  with  variation  of  the 
boiler  load,  the  bellows  assembly  of  the  switch 
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expands  or  contracts,  causing  a  sliding  contact 
to  move  ^rpss  the  potentiometer  coil.  The. 
change,  in  jelectrical  balance  of  the  motor  circuit 
causes  'the  motor  to  rotate.  The  movement  of 
the  motor,  transmitted  by  a  crank  arm  to  the 
linkag^  between  the  fuel  metering  valve  and  the 
damper  air  vanes,  resets  the  oil  metering /valve 
and  the  damper  to  positions  corresponding  to' 
the  firing  rate  required  by  th%  Iwiler  load. 

SAFETY  COMBU^ON  CONTROLS 

Safety  combustion  controls  are  designed  to 
shut  down  the  burner  to  prevent  flooding  the 
furnace  with  oil  after  initial  ignition,  in  the 
event  of  ignition  failure  or  flame  failure.  These 
cpritrols  ape  either  a  thermostatic  type  (stack 
swtches  and  pyrostats)  or  a  photoelectric  type. 

Stack  Switches  and  Pyrostats 

Stack  switches  and  pyrostats  basically 
consist  of  a  bimetallic  helix,  a  mounting  frame,  a 
shaft  carrying  a  contact  mechanism,  and  an 
electric  switch.  The  helix  is  connected  to  the 
mounting  frame  at  one  end  and  to  the  shaft  at 
the  otlier. 

Typical  construction  of  a  pyrostat  is  shown 
in  figure  20-20.  .  , 
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Figure  20-19.-Prtt$ur9  switch, 
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Figtjrs  20-20.— Construction  d« tails  of  a  pyrostat. 
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The  stack  switches^  and  pyrostats  are 
mounted  on  the  boiler  smoke  pif»  oNhood,  with, 
the  helix  protruding  into  th^pathV-of  the 
combustion  gases.  The  switch  is  wired  into  the 
burner  electric  circuit  so  that  when  the  contacts 
are  open,  no  current  is  supplied  to  the  burner 
except  through  the  Protectorelay  (to  permit 
initial  ignition).  When  there  is  no  heat  in  the 
boiler,  the  switch  contacts  are  open.  When  the 

*  bumtr  is  ignited,  the  increase  in  the  stack 
temperature  causes  the  helix  to  expand,  and  this 
expansion  In  turn  causes  the  shaft  to  rotate  and 

w  close  the  contacts.  Unless  the  stack  temperature 
■  decreases,  the  contacts  will,  remain  dosed, 
pciroitting  the  operation  of  the  burner.  In  the 
event  of  flame  failure,  the  helix  contracts  as  the 
stack  temperature  falls  and  causes  the  shaft  to 
rotate  in  the  reverse  direction.  "Dus  opens  the 
contacts  and  shuts  down  the  burner. 

Photoelectric  Safety  Combustion' Ccmtrols 

Photoelectric  safety  combustion  controls 
consist  basically  of  a  photoelectric  cell,  an 
amplifying  unit,  and  a  relay.  These  controls 
operate  by  the  luminosity  (light)  of  the  flame 
acting  upon  the  photoelectric  cell.  The 
photoelectric  cell  makes  a^  contacNrtthin  itself 
when  y^t  rays  impinge  ujwn  it.  The  amplified 
current  of  the  photoelectric  cell  bpcratcs  the 
relay,  which  is  wired  into  the  burner  control 
circuit,  causing  the  relay  to  close  the  burner" 
circuit  when  the  flame  is  established  and  to 
break  the  burner  circuit  in  the  event  of  flame 
failure.  . 

OPERATION  AND  MAINTE^iANCE 
OF  AUXIUARY  BOILERS 

The  wide  variations  in  desi^  of  auxiliary 
boilers  and  their  auxiliaries,  acce&ories,  and 

'controls  make  it  impractical  to  give  general 
operating  and  maintenance  instructions  for  all 
types  in  use.  \  '  . 

^rsonnel  charged  witii  the  operation  of  an 
auxiliary  boiler  should  be  thoroughly  familiar 

*'with  the  boiler,  its  cca^pols,  and  all  safety 
pr^bautions.  Operating  instructions  can  be  found 
in  the  appropriate  manufacturer's  technical 
manual.  Maintenance  requirements  are  given  in 


your  ship's  Planned  Maintenance  System 
Manual. 

n 

TESTING  BOEJR  WAT3|R 

Youi^miist  be  able  to  determine  the  actual 
condition  of  boiler  water.  This  can  oiily  be 
accomplished  through  tests  of  the^  boiler  water. 
The  tests  that  you  may  be  required  to  perform 
include  chjoricic  tests,  alkalinity  tests,  and 
hardness  tests.  The  results  of  these  tests  are 
reported  in  terms  of  EQUIVALENTS  PER 
MILLION  (epm).  (Refer  to  chapter  17  of  this 
training  manual  for  definitions  of  units  used  to 
report  results  of  tests.) 

Making  boiler  water  tests  is  a  rather 
complicated  job  which  requires  a  great  deal  of 
care  and  atten^on  on  your  part.  A  water  test 
result  that  is  based  on  careless  or  inaccurate  test 
procedure  is  not  only  uselessnjut  also. may  be 
actually  dan^rously  misleading.  You  will  not  be 
able  to  obtain  any  useful  informatibn  about  the 
condition  of  the  boiler  water  unless  you  perform 
each  test  with  real  precision  and  accuracy.  Some 
of  the  things  you  will  need  to  be  particularly 
.careful  about  \vh»n  making  boiler  water  tests 
arc: 

■1 .  Getting  proper  samples  of  boiler  water. 

2.  Using  the  C9rrect  chemicals  for  each  test. 

3.  Measuring  chemical?  accurately. 

4.  Making  all  m^urements  and  readings  as 
accurately  as  possible.  - 

5.  Interpreting  test  results  correctly. 

6.  Keeping  all  test  equipment  clean  and  in 
good  condition. 

/  Boiler  water  testing  is  not  a  skill  you  can 
learn  merely  by  readiqg  about  the  subject.  In 
addition  to  studying  the  information  given  in 
this  chapter,  you  should  take  every  opportunity 
to  get  actMal  practice  in  making  the  tests. 
Detailed  information  on  boiler  water  testing  is 
given  in  Chapter  220  (9560)  NAVSH/PS' 
Technical  Manual 


Sampling  BoUer  Water 


Samples  pf  boiler  water  taken  for  analysis 
must  be  truly  representative  of  the  water  in  the 
boiler.  The  container  into  which  the  sample  is 
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'drawn  must  be  cleaii,  and  the  sampling 
connection  must  be  thorougtily-tlushed  out  to 
remove  any  sediment  and  stagnant  water  that 
may  be  trapped  in  the  line  or  in  the  connection. 

The  water  sample  must  i)e  protected  from 
contamination  during  the  interval  between 
sampling  anji  analysis.  It  should  not  be  exposed 
to  air  for  any  long  period  of  time- because  an 
'alkaline  sample  will  absorb  carbon  dioxide  front) 
•  the  air,  resulting  in  a  false  low  reading  for 
alkalinity. 

Boiler  water  samples  should  be  cooled  down 
to  below  lOO^F  (37,7^0  before  being  tested.lf 
a  sample  is  not  cooled,  as  much  as  one-third  of 


the  sample  might  flash  into  steam  and -be  lost-if 
such  a  sample  is  tested,  the  results  will  not 
reflect  the  true  condition  of  the  water  in  the 
boiler. 

Boiler  Water  Testing  Equipment 

All  the  equipment  required  fcJr  making 
hardness,  chloride,  and  alkalinity  tests  of  boiler 
water  is  assembled  in^a  standard  boiler  water 
testing  cabinet  (fig.  20-21). 

Each  chemical  used  in  making  boiler  water-^ 
tests  must  be  prepare?!  and   use.d  in  strict 
accordance  witli  NAVSEA  instructions.  Some  of 


38.142 


Figurt  20-21. -Boitorwitir  tssting  c*bin«t. 
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the  chemicals  art^upplied  in  ready-to-use  fonn. 
Others  are  supplied  in  solution  form  but  must  be 
diluted  before  they  are  used.  Detailed 
instructions  for  preparing  and  using  the 
chemicals  needed  for  boiler  water  tests  are  given 
in  Chapter  220  (9560)  NAVSHIPS'  Technical 
Manual. 

.  When  using  the  chemicals  required  for 
making  boiler  water  tests,  be  sure  to  observe  all 
appropriate  safety  precautions.  Some  of  the 
chemicals  are '  very  dangerous  if  they  are  not 
handled  correctly.       ,  '  ' 

'  Before  starting  to  use  the  boiler  water 
testing  equipment,  t^e  sure  you  .understand  how 
to  use 'it.  You  may  have  some  difficulty  because 
of  tiie  way  this  equipment  is  calibrated.  Most  of 
the  bottles,,  burettes,  Cylinders,  and  other  items 
are  calibrated  in  a  metric  system  unit  called 
milliliters  (abbreviated  ml).  One  milliliter  is 
1/1000  of  a  liter.  A  liter  is  equal  to 
approximately  one  quart.  Until  you  become 
thoroughly  familiar  with  the  calibration  of, the 
equipment,  you  will  have  to-be  particularly 
caretul  in  mating  measurements  and  in  taking 
readings, 

The  boiler  water  testing  cabinet  contains* 
three  1 -liter  (1000-miiUiiter)  bottles  for  the 
cherhicals  used-in  making  the  tests  for  alkalinity, 
hardness,  and  chloride.  One  bottle  is  for  nitric 
acid,  one  is  for  mercuric  nitrate,  and  the  third  is 
for  soap  solution,  A  10-ml,  , automatic-zero 
burette  and  an^spirator  IfBlb  for  filling  the 
burette  are  fittisl  into  the  stopper,  of  each 
bottle.  To  fill  the*buret^e,  you  merely  pres  the 
aspirator  bulb  and  then  release  it.  When  properly 
fiUe^,  the  burette  will  drain  down  to  the  ZERO 
mark  automatically.  You  must*  start  all  tests  by 
filling  the  burettes  and  then  draining  them  down  . 
to  the  zero  mark.  The  burette  tip  must  always 
be  completely  filled  with  tlie  chemical  soljution. 

A  Uquid  in  a  burette  has  a  slightly>curved 
surface.  Tliis  curved  surface  is'  called  a 
MENISCUS.  When  reading  a  burette,  always 
take  the  reading  from  the  BOTTOM  of  the 
meniscus. 

Handle  all  boiler  water  testing  equipment 
carefuUy^so  that  it  will  not  become  damaged^ 
Keep  the  equipment  absolutely  clean  at  all 
times.  If  it-is  not*clean  when  it  is  used,  the  tests' 
will-  not  be  accurate.  Clean  the  soap  solution 
burette  with^  distilled  water  or  with  alcohol. 

O  .  '  *  472 


Rin^  ^e  dishes,  pipettes,  and  graduated 
cylindei^  with  distilled  water  and  wipe 
immediately  after  each  use.  You  may  use  soap  if 
riecessary  to  wash  this  equipment,  but  yoii  must 
entirely  remove  the  sod^p  by /very  thorough 
riiTsing.  NEVER  use  lye,  scouring  powder,  or 
Any  stronger  cleanser  to  clean  chemical  glassware 
and  porcelain.  If  soap  and  vvater  will  not  clean 
the  equipment  properly,  use  a  weak'  acid 
solution;  but  be  sure  to  rinse  all  the; acid, off. 

Tl>e  burette  stopcocks  must  be  lubricateS 
occasionally.  ^  special  stopcock  l^ubricant  is 
provided  in  the  boiler  water  testing  cabinet. 

When  using  the  water  testing  equipment,  do 
not  exert  pressure  on  the  burette  tip.  Do  not 
attempt  to  remove  a  burette  or  a  bulb  from  a 
stopper  except  when  it  is  necessary  to  r^lace  a 
broken  burette.  ,  / 

Toting  for  Alkalinity 

•Alkalinity  is  a'  property  that  water  acquires 
■  from  certain  impurities,  The^allowi^ble  limit|  for 
'  alkalinity  authorized  by  NAVSEA  are  2,5  to  3.5 
epm. 

1  Tliere  are  two  methods  of  testing  for 
ikalinity.  The  phenolphthalein  test  is  used  for 
testing  water  from  steaming  boilers  and  for 
testing  water  from  idle  boilers  which  haVe  been 
steamed.  Tlie  methyl-purple  test  is  used  for 
testing  water  from  freshly  filled  boilers  which 
have  I^OT  been  steamed.  If  U  boiler  has  been  idle 
for  a  long  time,  it  is  best  to  use  both  tests. 

PHENOLPHTHALEIN  TEST. -The 
phfenolphthalein  test  for  alkalinity  is  performed 
as  follows: 

I .   Fill  the  nitric. add  burette  and  allow  it  to 
'  drain  down  to  zero.  Be  sure  the  tip  of  the 
burette  is  full   and  comglete^y   free   of  air 
bubbles.  Place  a  contajiier  of  some  sort  under' 
the  burette  tip  to  catch  the  drop  or  two  of  nitrid 
acid  th^t. will  drip  from  the  t^pas  you  are  filling 
it.  It  is  all  right  to  use  a  dasserole  for  this  v 
purpose,  but  you  must  b©  sure  to  clean  it 
thoroughly  before  using  it  for  the  test.  --^ 
]      2,  Take  a  sample  of  boiler  water. 

3.   Rinse  a  100-ml  graduated  cylinder  with 
some  of  the  sample  water.  Tlien  fill  the  cylinder 
'  to  the  SQ-mI'mark. 
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4.  Pour  the  SOrhl  sample  from  the 
graduated  cylinder  into  a  CLEAN  casserole. 

5.  Aidd    two    or    three    drops  of 

•  phenolphthalein  indicator.  If  the  sample  is 
alkaline,  the  water  will  turn  a  DEEP  PINK  color.. 

6.  Add  nitric  acid  from  the  burette  to  the 
sample,  while  stirring  the  sample  continuously. 
Add  only  one  drop  of  atid  at  a  time.  The  pink 
color  will  begin  to  fade  and  will  presently* 
disappear, 

•  7,  As  the  pink  color  jqst  disappears,  read 
the  burette,  taking  the  reading  from  the  bottom 
of  the  rrl^iniscus.  The  burette  reading  in 
milliliters  eqirals  the  alkalinity  of  the  sample  iri 
equivalents  p«r  million.  For  example,  if  the 
.burette  reads  j2.9  milliliters,  the  sample  has  an 
alkalinity  of  2.J^epm, 

,  METH^^  ii-PURPLE  TEST. -The 
methyH>urple  tfcs|  for  alkalinity  is  performed  as 
follows:  ^ 

1.  Measure  50  milliliters  of  ssmiple  ^^ter 
into  a  clean  porcelain  c^si^tole. 

2.  Add  two  drops  of  methyl-purple 
indica(or.  If  the  sample  is  alkaline,  the  water  will 

,  turn  GREEN. 

3.  Stirring  the  sample,  add  nitric  acid 
solution  a  drop  at  a  time  until  the  color  changes 
to  purpie.  A  gray  tint  precedes  the  purple  end 
point  color  and  gives  warning  of  its  approach. 

4.  A5  the  color  of  the  sample  changes  to 
purple,  read  the  burette.  The  burette  reading  is 
numerically  EQUAL  to  th^  alkalinity  of  the 
sample  in  epm. 

*  The  color  change  from  green  to  purple  is 
quite  easily  sepn  in^  clear  water,  but  is  not  so 

,  easily  seen  in  water  that  contains  suspended  iron, 
compounds.  The  water  for  the  test  should,  of 
course,  be  as  free  of  suspended  matter  as 
,possible.  If  it  is  not  possible  to  obtain  a  sample 
tjiat  is  clear  enough  for  the  methyl-purple  test, 
you  can  obtain -an  approxima^  value -for  the 
alkalinity  of  the  water  in  an  unsteamed  boiler  by 
making  a  phenolphthalein  test  and  multiplying 

.  the  result  by  two. 


Testing  for  Hardness 

.Water  in  which  soap  does  sot  r&adily  form  a 
lather  is  said  to  be  hard.  Hardness  ts  a  property 
that  water  acquires  from  certain  dissolved  salts. 

Tlie  procedure  for  testing  boiler  water  for 
hardness  is  as  follows: 

1.  Use  the  100^1  graduated  cylinder  to 
transfer  50  ml  of  the  sample  water  to  the  square 
8-ounce  bottle. 

2.  Fill  the  soap, solution  burette  and  allow 
it  to  drain  down^to  zero*.  Be  sure  the  burette  tip 
is  full. 

3.  Add  0.4  ml  of  soap  solution  to  the 
sample.  This  amount  of  soap  solu]tion  is  called 
'  the  LATHER  FACTOR  because  it  is' the  amount 
of  soap  solution  required  to  produce  a  lather 
that  will  persist  for  5  minutes  over  the  entire 
surface  of  a  SO-ml  sample  of  pure  water.  (Until 
recently,  the  lather  factor  had  to  be  determined 
for^each  new  lot  of  soap  solution.  However,  the 
lather  factbi*  appears  to  be  vefy  close  to  0.4  ml 
for  all  soap  solutions  used  in  the  hardness  test, 
so  the  latlier  factor  is  now  assumed  to  be  0,4 

ml)  ; ,  ,  _ 

4;  Stopper  the  bottle  and  Shake  it 
vigorously. 

5/  Lay  the  bottle  on  its  side  and  start  a 
,  stopwatch.  If  the  lather  persists  for  5  minute^ 
over  the  entire  surface  of  the  water,  report 
Z^RO  .HARDNESS. 

6.  If  tlie -latter  does  not  persist  for  5 
minufes  over  the  entire  surface  of  the.  water, 
some  hardness  is  present.  Add  more  soap 
solution  in  OJ  ml  increments,  stopper  the 
bottle,  shake  it,  lay  it  on  its  side,  and  start  the 
stopwatch.  Repeat  this  procedure  as  often  as 
Tiecessary  to  obtain  a  lather  that  persists  for  5 
.minutes  and  completely  covers  the  surface  of 

the  water  sample.^  ' 

7.  Read  the  burette,  taking  the  reading 
from  the  bottom  of  the  meniscus. 

8;  Calculate  the  hardness.  Subtract  the 
latlier  factor  (0.4  ml)  from  the  burette  reading 
and  multiply  the  result  by  0.2  to  obtain  the 
hardness  of  the  sample.  For  example,  if  the 


ERIC 


473 


ENGINEMAN  3  &  "2 


reading  on  the  t^ette'  is  0.7  ml,  the  hardness  of 
the  sample  is  calculated  as  follows: ' 


(0.7  . 0.4)  X  0.2  =  0.06  - 


Therefore,  the  hardness  of  the  sample  is  0.0^ 
epiii. 

Testing  for  CWoride  Content 

the  ^erm  "Chloride  content'*  really  refers  to 
.  the  concentration  \ of  the  chloride  ion,  rather 
than  the  concentration  of  any  one  sea  salt.  * 
Because  the  conceAtration  of  chloride  ions  is 
■relatively  constant  in  seawater,  the  chloride 
contents  may  be  used  as  a  measure  of  the 
amount  pf  solid  matter  that  is  derived  through 
seawater  contamination.  The  results  of  the 
chloride  tests  are  used  as  one  indication  of  the 
need  for  blowdown. 

-  'Until  recently,  the  chloride  indicator  used  in  - 
making  the  -qjiloride  test  was  furnished  in 
solution  form,  'jseady  to  use.  This  solution 
deteriorated  after  being  stored  for  some  time, 
particularly  if  it  was  stored  in  a  hot  place.  To 
prevent  this  deterioration,"  chloride  indicator  is 
now  supplied  dry  in  capsule  form  so  that  it  can 
be  made' up  into  solutions  as  it  is  needed. 

To  make  up  a  chloride  indicator  solution, 
empty ^  the  conten|s  of  one  capsule  of  the  dry 
indicator  into  50  milliliters  of  a  specified  typijof 
alcohol  and  dissolve.  The  resulting  solutionft^ 
identical  with  th6  solution  previously  furnished 
for*shipboard  use,  and  it  is  used  in  ^actly  the 
same  way. 

TSie  chloride  indicator  solution  prepared 
from  the  capsules  is  also  subject  to  deterioration 
from  prolonged  storage  and  should  be  made  up 
in  small  batches.  It  should  not  be  used  after  it^ 
has  been  kept  in  solution  form,  for  more  tlian  9 
months.  It  must^not  be  stored  for  prolonged 
periods  in  hot  locations. 

The  procedure  for  iriaking  the  chloride  test 
is  as  follows: 


,  1.  Rinse  a  100-ml  graduated  cylinder  with, 
some  of  the  sample  water,  and  theiwneasure  25 
ml  of  the  sample  in  the  graduated  cylinder. 

2.  Pour  the  25-mr  sample  into  i  clean 
casserole. 


'  3.  Add  five  drops  of  chloride  indicator  to 
the  sample  in  the  casserole.  The  wafer  will  turn 
BLUE-VIpLET  or  RED,  depending  on  how 
alkaline  it  is. 

4.  Fill  the  nitric  acid  burette  and  allow  it  to 
drain  down  to  zero.  Be  sure  the  tip  of  the' 
burette  is  full.  "       \  - 

'  5.  Add  nitric  acid  to  the  saihpie,  one  drop 
"  at   a  time,  stirring  continuously,  until  the 
blue-violet  or  red  color  just  disappears.  The 
water  will  probably^be  pale  yellow. 

6.  Add  exactly  1.0  ml  more  nitric;acid. 

7.  Fill  the  mercuric  nitrate  burette  and 
allow  it  to  drain,dow|i  to  zero.  Be  sm^e  the 
burette  tip  is  full.  •  N. 

8.  Add  mercuric  nitrate  from  the  burette, 
stirring  continuously,  until  the  pBe  yellow  color 
disappears  and  a  pale  blue-violet  color  persists 
throughdtit  the '  sample.  The  blue-violet  color 
indicates  the  end  point  of  the  test.  Add  the 
mercuric  nitrate  fairly  rapidly first,  but  add  it 
very  slowly -drop  by  drop-as^the  end  point  il 
approached. 

9.  Read  the  burette,  taking  -tlie  reading 
from  the  bottom  of  the  meniscus.  The  burette^ 
reading  in  milliliters  equals  the  chloride  content 
of  the  sample  in  equivalents  per  million.  For 
example,  if  the  reading  on  the  buret-te  is  i.3 
milliliters,  the'  sample  of  boiler  water  'has  a 
cliloride  content  of  1.3  epm. 

FIREFIGHTING  EQUIPM^ 

Information  on  the  fije  hazards  which  exist 
aboard  ship  and  on  much  of  the  equipment  used 
in  fighting  fires  and  the  control  of  damage  has 
been  pre«^nted  in  Basic  MiHtary  Requirements, 
NavPers  .  10054-D,  iind  in  Fireman,  NavPers 
10520-E.  The  information  on  firefighting 
equipment  presented  in  this  manual  deals 
primarily  with  engine-driven  equipment. 

ENGINE-DRIVEN  FIRE  PUMPS 

Fire  pumps  are  usually  the  horizontal 
single-stage^  centrifugal  type,  ,with 
double-suction  impellers.  Fi?e  pumps'  are 
generally  driven  by  either  an  electric  motor  or  a 
steam  turbine;  emergency  fire  pumps,  however; 
are  usually  driven  by  diesel  engines,  and  some  : 
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.  portable  pumps  used  in  firefighting  are  driven  by-^ 
gasoline  engines, 

-  The  gasoline  engine-driven  ,  portable  pump 
used  aboard  ship  is  the  P-250.  The  capacity  and 
limitation  are  given  in  the  Navy  ^Training 
Manuals  mentioned  earlier  in  this  section.  The 
capacities  of  pumps  drivfen  by  diesci  engines  may 
be  from  100  to  250  gpfn  in  small  ships  and  up  to 
2,000  gpm  in  large  ships. 

Instmctions  for  the  operation  of  all  pumps 
cannot  be  covered  in  this  manual  becaXise  of  the 

*  great  number  of  different  makes,  types,  and 
designs  in  use  in  naval  service.  Manufacturers* 
technical  manuals  are  furnished  with  most 
enginenlriven  pumps.  These  technical  manuals 
Contain  detailed  information  concerning 
operation,  maintenance,  and  repair.  You  should  ' 
study  the  appropriate  technical  .manual  carefully 
before  attempting  to  operate  a  particular  pump 
installation*  \  * 

The  procedures  for  the  operation, 
maintenance,  and  repair  of  ihi  gasoline 
engine-driven  portable  pumps  previously 
mentioned  in  this  chapter  are  similar.  The  pump 
selected  as  a  representative  type  for  the  purpose 
of  discussion  in  this  traifiing  manual  is^the 
P-250.        '  '  -  ^ 

OPERATION  OF  THE 
P-250PUMP 

Engine-driven  ftre  pumps, are  furnished  on 
practically  every  ship  in  the  Navy.  In  the  battle 
and  disaster  bills  of  a  slyp,  Enginepi^  are 
commonly  assigned  as  operators  (Sf  the 
engine-driven  pumps/  Operating  procedures  for 
the  P-250  pumjjjre  described  in  this  section. 

Starting  the  P-250  Pump 

Before  attempting  id  start  the  P-250  be  sure 
that^the  suction  hose  connectipns  between  the 
watdr  and  the  pump  are  tight  and  tftat  the 
strainer  (or  eductor  when  used)  is  completely 
submerged  in  the  water,  gaskets  of .  the 
proper  size  at  the  suction  connection  to  the 
pump  and  in  all  hose  connections-.  If  the  pump 
fails,  to  take,  suction  or* if  the  <iisc}iaxge  at  the 
nozzle  shows  an  uneven  stream,  air  is  probably 
'  leaking  through  a  popr  connection  into  the 
suction  side  of  the  pump.  Be  sure  the  screen  to 


the  suction  hose  rests  ^  clear  water;  if  the 
screen  rests  in  mud  or  deoHs,  these  are  likely  to 
be  drawn  into  the  pump.  Be  sure  to  support  the 
suction  hose  by  a  line  so  that  the^piimp  casing 
does  n9t  bear  the  wei^t  of  the  hose.  Also  make 
sure  that  the  suction  hose  does  not,  at  any 
point,  rise  above  the  level  of  the  pump  inlet; 
raising  the  hose  above  the  inlet  tends  to  form  an 
air  pocket  which  interferes* with  proper  priming. 
Do  not  rim  -the  pump  in  a  confined  space  unless 
an  exhaust'  hose  is  connected  to  carry  toxic, 
engines-exhaust  gases  out  of  the  space.  With  the^ 
inspections  complete,  proceed  as  follows:  " 


"^e 


1.  Fill  tne  fuel  tank  with  the  proper 
mixture  of  gasoline  and  ,  oil.  To  each  gallon  of 
gasoline  add  1/2  piiTt' of  Navy  symbol  3065 
(SAE-SO);  Sijjce  this  is  the  only  lubrication  the  > 
pump  receives,  shake  the  tank  vigorously  until 
the  oil  and  gasoline  are  thoroughly  mixed.  The  ' 

^  capacity  of  the  tank  is  approximately  6  gallons. 

2.  Qamp  the  tank  to  the  top  of  the' frame 
•  *  with  the  spring  clamps  pcpvided. 

3-  Connect  the  fuel  hose  assembly  from  the 
fuel  tank  to  the  plug  provided  on  the  control 
panel  A  - 

"4..  When  thejuiit  has  been  a^mbled,  pump 
fuel  to  the  cimiretor  by  pressing  tlt>  push 
button  on  the  tank  until  you  feel  a  resistance. 
Do  not  pump  after  the  resistance  is  felt  because' 
you  could  damage  the  pump  diaphragm. 

5.  Place  the  witer  outlet  valve' in  the  closed 
position  and  make 
filler  cap  is  closed. 

6^  Pull  the  choke  knob,  located  on  the 
control  paneU*  to  the  extended  position.  _  w 

7.  Set  the  high  and  low  speed  knob  on  the 
cont^rol  panel  3/4  of  a  turn  from  the  closed 
position,  •  ' 

8.  Pull  the  starting  rope  rapidly,  Dq  not^ 
jerk  the  rope.  After  the  engine  starts  and  runs  - 
for  a  few  seconds,  push  the  choke  knojb  in.  The 
starter  cord  will  automatically  rewind, 

9.  Check  the  pressure  gage  to  be  sure  water 
pressure  is  building  up.  Since  tlie  pump  is 
self-priming,    ptessure    should    build  up 

^  approximately  ^  seconds  after  the  engine  is 
started.  Do  not  run  the  engine  more  than  45 
*  seconds  unless  pressure  shows  bn  the  gage,  as  the 
^  engine  may  overheat.  If  nb  pressure  shows,  stop 


certain^  the  hand  priming 
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Ihe ,  engjiie,  Tft^Ighten  all  •  suctjpi^  connections, 
andtry  priming  again."      .       '  • 

1  Q.  M^en*  pfessurg  shows  on  the  gage,  slowly 
open  the  outlet  valve  to  the  disichaise  ho^.-  . 
.  I L  Adjust'  the  carSiire'tor^high-spetd  dial  tq' 
the  best  running  position.  Tp  make  the  slocw 
SpeeA  -adjus'tmerit,-  slow  the.';  engme.  with  th& 
throttl^stopl)utton,  then- set  the  sk>w-speed-^. 
to  the  best  position^     -  .     •  / 

12.  IXtr^g  pump  operation,  check  the-yvater 
pressure  to  ensi»e  it  is  at  the  desired  pressure. 

13.  Make  sura  the  pimip  is.  not  opera|ed 
more  t^iah  15  to  20  seconds  .,withr.  the  ^discharge 
valve  closed.  If  the  pump  is  ooerated  in  a  dosed 
cdfnpartment,  make-  sure  the  exhaust  hlie  is 

'  tight  and  no  leakage  occurs.  \' 

Stopping  and  Rstarting  the  P-2S0  Pump 

To  stop  the  P-25b  pumjp,  press  the  stop 
•  button  on  the  control  panel  _  and  keep  it 
*d^ressed  until  the  engine  is  completely 
^stopped.      ,  ' 

To  restart  the  engine  when  it  is  still  warm,  it 
is  necessary  only  to  pull  the  starter  cord.  NO 
choking  should  be  necessi^.  If  the  engine  does 
not  start  i^iediately,  you  may  use  the  choke, 
but  be  careful  to  avoid  flooding  the  engine. 

Qiire  gnd  Main  tenancy 

» 

After  the  pump, has  been  operated  and  shut 
down,  always  prepares  it  for  temporary,  stor^e  as 
.  follows:  .    -  ^  , 

1.  Release  the  tank  pressure  by  loosening 
the  filler  cap.  Retighten,  the  cap.  Remove  the 
fuel  |ank  from  tfie  frame  and  disconnect  the » 
hose  from  the  pump.      .  ' 

2.  Disconnect    the'   suction,  exhaust, 
discharge  and  drain  hose. 

3.  Drain  the  pump  and  power  head  l^y 
'turning  the  entire  unit  so  that  the  flywheel  end 


is  up.  Tilt  the  ufut  back  and  forth  until  all  the- 
water  is  drairi«i.  repeat  Seveial  times,  each  tipc 
reti«TiiQg.Jhe  un|t  to  its  ;ao'jmal  position  its  a. 
few  seconds.  \>    .      ."  •'^  —  /  '      ♦  i 

•4.  Flush  the  iinit  by  pquring  clean  water 
into  the  impeller  hou^g  through  thle  m'anuaf 
%  priming,  bo.wl-  Drain  the  p^p  iiv  the  mai^ner 
stated  earlier.      '  '^-^  .   '  ' 

^  5.  •Replace  alf  thread  protectors; clean  and 
dry  the  ui>it.  '•    '   -  ' 

'.J     ■    ^    "  >  > 

To  keep  the  unit  in  proper  working  W4er,' 
set 'up  and  operate- it  once  eadi  week,  with' 
maintenance  perform^  in-- accordance  with^e 
^planned  maintenance  and  -the  manufacturer's 
technical  manual.  ,  .  ^ 


HREMAIN  SYSTEM  AND 
ISOLATION  VALVES 


As  a  Fireman,  you  were  introduced  to  the 
firemain  syj^tefiis  uSed  in  Navy  ships.  As^ari 

"  Engineman,  you  will  be  required  to  know  the 
location  -of  the  principal  isolation  valves  of  the 
fii:«main  system  in  the  engineesring  spaces  and 
adjacent  spaces  on  your  ship.  The  location,  of 
the  vabes  used  to  isolate  sections  of  the  fiTMnain 
varies  from  one  .ship  to  another.  In  general, 
isolation  Valves  are  locate^iri^the  mainstream  in 
the  fire  main,  in  the  risers,  and  in  horizontal 
leads,  fn  learning  the  locatipn  of  isolation  valves 
in  your  ship,  study  the  piping  diagram  of  the 
firemai|i.system.  Make  a  iket'ch  of  the, system, 
noting  particularly  the  location  of  each  vaJve. 
To  avoid  confusion  and  to  eliminate  the  . 

'  possibility  of  errqr  when  sections  of  the  fireijiain 
arsJbeing  isolated,  all,  important  valves  in  the' 
firemain  system  are  marked  with  identification 
numbers.  If  all  engineering  personnel  know  both 
the  location  ajiS  the  identification  number  of 
each  valve,  an.  order  to  close  or  open  a  particular 
valve  can  be  given  without  tim^  being  taken  to 
describe  the  valve's  location.    -  • 
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LATHES-  AND  LATHE  AAACHlNfNG '  OPERAJIONS 


Althpugh  machine  shop  work  is  genftraUy 
done  by  men  in  other  ratings,  there  may  br. 
times  when  you  will  fihd  the^the  essentkl  to 
complete  a  repair  job.  Tliere  are  a  numbfcr  6f 
different  types  of  lathes  installed  in  the  machine 
shops  in  various  Navy  ships,  inchidixig  the  sigine 
lathe,  horizontal  turret  lathe^  vejtical  turret 
lath^,  and  several  variatidQS  of  l^e  basic  enginp 
lathe,  such  as  bench,  toolroom,  <and  ga^  lathe*. 
All  lathes,  except  the.  vertical  turret  type,  have 
one  thing  in  common  in  that  for  aU  usual 
machining  operations  the^workpiece  fe  held  and 
-4rotat^d  about  a  horizontal  axis,', whilfe  beipg' 
foime'd  to  size  snd  sh«pe  hy  a  cutting  to^.  In 
the  ver^cal  turret  lathe,  the  workpfece  is  rotated' 
about  ^  vertical  axis.-  Of  the  various  types  oC 
lathes,  the  type  you  are  mcst  likely  to  use  is  thq 
engine  lathe;  therefore,  this  chapter  deals.only 
with  lathes  of  that  type  and  the  machining 
operations  yoli  may  be  required  to  perform. 


^  *  ENGINE  LATHE 

An  eiigine  lathe  similar  to  the  qpe  showo  in 
figure  21-1  is  found  -in  every  machine  shop, 
however  small.  It  is  used  principally  for  turning, 
boring,  facing,  and  SQrew  cutting,  but  it  may  ajso 
be  used  for  drilling,  reaching,  knurling,  grinding, 
spinning,  and  spring  winding.  The  worj^  held  in 
the.  engine  lathe  can  be  revolved  at  any  one  of  a 
number  of  diff^r^t  speeds,  and  the  cuttiilg  tool 
can  be  accui^tcly  controlled  by  hand  or  power 
for  longitudinal  feed  and  orossfeed, 
(Longitudinal  feed  is  the  movement  of  the 
cutting  tool  parallel  to  the  axis  of  the  lathe;  ^ 
crossfeed  is  the  movement  of  the  cutting  tool 
perpendicular  to  the  axis  of  the  lathe.) 


'.Lathe''  sire    is  .  determined   by  twb 

measurcm^ts:  (1)  the  dwrneter  of  -work  It  will 
swing' over  the  bed  anH  (2)  the  length  of  the  bed- 
For  example,  a  14-inch  X  6-foot  latiie  will  swing, 
woxi^  up  to  1 4  inches  in  diainef  er  and  has  a  bod 
that  is  6  feet  long.. 

Eiigiiie  lathes  vary  in  size  from  small  4>ench 
lathes  that  have,  a  swing  of  9  inches  to  very  large 
lathes  for  turning  work  of  large  diameter  such  as 
lowi)re^ure  turbine  rotore^The  16*inch  lathcS  is 
the  average  ^size  for  general  purposes  and  is  the 
i^e  lijsually  installed  in  ships  that  have  only  one 
lathe,  _  ^ 


PRINCIPAL  PARTS 


T<^leam  the  operation  qf  a  lathe,  you  must 
hfi  famili^  with  the  nam^  and  fttnctions  of  the 
principal  parts.  Lathes  ATom  different 
manufjactifrers  differ  somewhat  in  construction, 
but  all'  are  built  to  perform  the  same  general 
functions-  ^  you  read  the  description  of  each 
part,  find  its  location  on  the  lathe  in  figUJe  21-1 
^d  the  flares  which  follow.  (For  specific 
details  of  the  features  of  construction  and 
operating  techniques,  refer  to  the 
manufacturer's  technical'  manual^  for  the 
machine  which^ou  are  using.) 


^iB^and  Ways 


^  The  bed  is  the  base  or  foundation  of  the 
working  parts  of  the  lathe.  The  miin  features  of 
the  bed  are  the  ways  which  arc  formed  on  its 
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'J  Figurt  21;1.-i 

Upper  surface  and  run  the  fuU  lcngth  of  the  bed. 
The  ways  maintam  the  t^tbclc  and  carriage, 
which  slide  on  t^iem,  *in  alignment  With  the 
^  headstock.  which- is  pcrmaneiUly  seciircd  by 
bolts  at  one  end  (at  operator's  left). 


ikads^ock 


The  headsto<^  carries  the  headstock  spindle 
and  the  mcch^sni  'for '  driving  ^it.  In -the 
belt-driven  type,  shown  in  figure  21-2-,  the 
driving  tnechanisra  condsts  merely  of  a  cone 
pulley  that  drives  the  spindle  either  direct  or 

o  '  .  .      ]'  :  '  ^ 
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through  back  gears.  When  driving  direct,  the 
spindle  revolves  with  the  cone  pulley;  when 
driving  through  the  back  gears,  the  spindle  f 
revoWes  more  slowly  than  the  cone  puUey,  • 
which,  in  this  case,  turns  freely  on  the  spindlfe. 
TTius  two  speeds  are  obtainable  with  each  ' 
position  of  the  belt  on  the  cone;  if  the  cone 
puUey  has  four  steps  as  illustrated,  eight  spindle 
speeds  can  be  obtained. 

The  geared  headstock  shown  in  figure  21-3  is  ' 
more  complicated  but  more  convenient  to 
operate,  because  speed  changes  are  accomplished 
by  merelji^ shifting  gean.  It  is  similar  to  ah. 
automatic  transmisaon  except  that  it  has  more 
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^ar-shift  cdmbinations  and  therefore  a  greater 
number  of  speed'  changes,  A  speed  index  plate 
attached  ta  the  headstock  indicates  the  lever 
positions  for  obtaining  the  different  spindle 
speeds.    .  ~ 


clamping  screws  at  the  bottqm  of  the  tailstock.  , 
(See  fig.  21-1.)     ,   -  .      ■'   .  .  '  V 

Before  inserting  a  dead'  center,  drill,  or 
rei^r,  carefully  clean  the  tapei^  shank  aJid 
wipe  out  the  tapered  hole  of  the  sffindle.  When 
holding  drills  or  reamers  in  the  ta^r^  hole  of  a  '  ' 
fpindle,  be  sure  thcjr  are  tight  enpugh  so  they  ; 
will  not  revolve.  If  allowed  to  revolve,  thiey  will 
score  the  tapered  hole  and  destroy  its  accuracy. 


Carriage 


The  function  of  the  carriage  is  to  carry  the 
compound  rest,  which  in  turn  carries  the  cutting 
tcK)l\in  the  tool  i>ost*  Figure  21-4  shows  how  the 
carriate  travels  along  the  bed  over  which  it  slides 
on  thetHrtboard  ways. 

The  carnal  has  T-slots  or  tapped  iKffes  for 
^  clamping  work  for  boring  or  milling.  Wh^n  used 
*!  this  manni>^  the  carriage  movement  feeds  the 
work  to  the  cutting  tool,  which  is  revolved  by 
the  headstock  spindle.      * ! 

You  can  lock  the  carriage  in  any  position  on 
the  bed  by  tightening  the  carriage  clamp  screw. 
This  is  done  only  when  you  do  such  work  as 
^  facing  or  cutting-off,  for  which  longitudinal  feed 
is,  not  required.  NormMly  the  carriage  clamp 
should  be  kept  in  the  released  position.  Always 
move  the  carriage  by  hand  to  be  sure  it  is  free 
before  applying  the  automatic  fejsd.  ^ 


Tailstock 


Apron 


The  primary  puri>ose  of  the  tailstock  is  to 
hold  the  DEAD  center  to  support  one  end  of  the 
work  being  machined  on  centers.  However,  the 
tailstock  can  also  be  used  toehold  tapered  shank 
drill$,  reamers,  and  drill  chucks.  It  is  movable  on 
the  ^ways  along  the  length  of  the'  bed  to 
accommodate  work  of  varying  lengths  and  can 
be  claijipeid  in:  the  desired  position  by  the 
tailstock  clamping  nut.  The  tailstock  can  be 
adjusted  laterally  to  cut  a  taper  by  loosening  the 


The  apron  is  attached  ^to  the  fronts  of  the 
carriage  and  contains  the  m^echanism  ior 
controlling  the  movement  of  tlie  carriage  for 
longitudinal  feed  aiid  thread  cutting  and  the 
lateral  movement  of  the  crc^s-slide. 


Feed  Rod 

The  feed  rod  transmits  power  to  the  apron 
to  drive  the  longitudinal  feed  and  crpssfeed 
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mechanisms.  The  feed  rcxi  is  driven  by  the. 
spindle  through train  of  ^ars,  and  the  ratio  of 
its  speed  to  thai  of  the  spindle  can  be  varied  by 
means  of  clmnge  gears  to  produce  various  rates 
of  fe<^.  The  rotating  feed  rod  drives  gears  in  the 
apron;  these  gears  in  turn  drive  tlie  loi^tudinal 
fced-and  crossfeed  meehanisms  throu^frictign 
dutch«s. 

Some  lathes  do  not  have  a  separate  feed  rod, 
but  in  such  lathes  a  spline  in  the  lead  screw 
serves  the  sanjc  purpose.  / 


Lead  Screw 


The  lead  screw  is  used  for  thread  cutting. 
Along  its  length,  it  has  accurately  cut  Acme 
threap  which  engage '  the  threads  of  the 


half-n^^ts  in  the  apron  when  the  half-nuts  are 
clamped  over  it..  When  the  lead  screw  turns  in 
the  closed  half-nuts>' the  carriage  moves  along 
the  ways  a  distance  equal  to  the  lead  of  the 
thread  in  each  revolution  of  the  lead  screw. 
Since  the  lead  screw  is  driven  oy  the  spindle 
through  a  gear  train  which  connects  them,  the 
rotation  pf  the  lead  screw  bears  a  direct  relation 
to  the  rotation  of  the  spindle.  Therefore,  when 
the  half-nuts  are  engaged, '  the  longitudinai 
movement  of  the  carriage  is  controlled  directly 
by  the  spindle  rotation  and,  consequently,-  the 
cutting-  tool  is  moved  a  definite  distaiice  along 
the  woric  for  each  revolution  that  it  jn^ei*. 

Compound  Rest' 

The  compound  rest  provides  a  rigid 
adli^stable  mounting  .for  the  cutting  tool.  The 
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.<      figur*  21-4.-^id«  viMv  of  •  earriagt  mounttd  on  bad. 


compound  fest  assembly  has  the  following 
principal  parts:  ^  ' 

1.  The  compound  rest  SWIVEL  can  be 
swung  around  to  any  desired  angle  and  clamped 
in  position.  It  Is  graduated  over  an  arc  of  9(f  on 
each  side  of  its  center  petition  for  easier  setting 
to  the  angle  selected.  This  feature  is  used  for 
machining  short,  steep  tapers  such  as  the  angle 
on  bevel  gears,  valve  disks,  and  lathe  centers. 

2.  The  compound  rest  TOP.  or  TOP. 
SLIDE,  is  mounted  oaf  the  swivel  section  of  a* 
dovetailed  slide.  It  is  moved  by  the  compound- 
rest  feed  screw. 

.  .      ■  •  ,  >' 

•  This  anangemerit  permits  feeding  at  any 
■  angte  (determined  by  tlhe  angular  setting  of  the 
swivel  section),  while  ,  the  cross-slide,  feed 
provides  only  for  feeding  at  right  angles  to  the 
axis  of  the  lathe.  The  graduated  collars  on  the 

crc^eed  and  compound  rest  feed  screws  read  in     *  in  place  with  the  tool  in  tl>e  desired  po'iutiiMi.  . 


thousandths  of  an  inch  for  fine  adjustment  in 
regulating  the  depth  of  cut. 

Attachment  and  Accessories 

,  ■/  • 

cessories  are  the  tools  and  equipment 
used/  in  routine  lathe  machining  operations. 
Attachm«its  are  special  'fixtures  which  may  be 
secured  to  the  lathe  to  extend  the  versatility  of 
the  lathe  to  include  taper  ci^ttijig,  milling,  and 
iding.  Some  of  the  commcHi  accessories  and 
Ztjtachments  used  cm  lathes  are  d^escribed  in  the 
following  paragraph. 

TOOL  POST.-The  so,le  purpose  of  the- tod 
|post  is  to  provide  a  rigid  support  for  the  tool,  it 
i  ' ^bunted  in  the  T-sJot  of  the  compound  rest 
stop.  A  forged  tool  or,a  toolholder  is  inserted  in 
the  ^ot  in  the  tool  post.  By  tl^tening  a 
setscrew,  you  will  firmly  clamp  the  whole  unit 


TOOLHOLDERS.-Somc  of  tHe' common - 
toolholders  used  in  lathe  ^vork  are  illustrated  in 
figure  21-5.*  Notice  the  angles  at  which  the  tool 
bite  set  in  the  various  holders.  These  an^es  must 
be  considered  with  res^ject  to  the  angles  ground 
in  the^tools  and  the  angle  that  the  too^iolderis 
set  with  respect  to  the  axis  of  the  work.  , 

Two  types  o^toolholders  that  differ  slightly^ 
from  the  common  toolholders  are  those  iised  for 
threading  and  Icnurling.  (See  figure  2 1-6.) 

Vie  threading  toolholder  has  a  fomlfed 
.  .  cutter  which  ncteds  to  be  ground  only  on  the  top 
<  surface  for.  sharpening.  Since  the  thread  form  is  ' 
accurately  shaped  over  a  la^  arc  of  the  tool,  as 
the  surface  is  worn  away  >y  grinding,  tfee  cutter 
can  be  rotated  to  the  correct  position  arid 
secured  by  the  sctscrew' 

A  knelling  toolholder  carries  twojknufled 
.  rolls  which  impress  thek^pattems  on  the  work  as 
it  revolves.  The  purp<^  of  the  khuriing  tool  is 
to  provide  a  roughened  surf ^  on  round  meltal 
parts  such  as  knobs,  -to  give  a  better -grip  in 
Handling.  The  knurled  rolls  cpme  in  a  variety  of ' 
patterns. 

ENGINE  LATHE  TOOLS.-Figure  21-7 
shows  the  most  popular  shapes  of  ground  lathe 
tool  cu|tcr  bits  and  their  applications.  U  the 
following  paragraphs^  each  of  the  types  shown  is 
described. 
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Left;-Hand  Turning  Tool.-This  tool  is 
ground  for  machining  work  when  fed  from  left 
to  right,  as  indicated  in  Aj  fi^e  21-7,  The 
cutting  edge  is  on  the  right  side  of  the  tool,  and 
the  top  of  the  tool  slopes  down  away  ftom  the 
cutting  edge. 

Round-Nosed  Turning  Tool.-This  tool  is  for  " 
general  all-anound  machine, work  and  is  used  for 
taking  light  roughing  cuts  and  jfinishing  cuts. 
Usually,  the  top  of  the  cutter  bit  is  ground  wjth 
side  rake  so  that  the  tool  may  be  fed  firom  right 
to  left.  Sometimes  this  cutter  bit  is  ground  flat 
on'  top  so  that  the  tool  may  be  fed  in  either 

direction  (B,  fig.  21-7). 

,.   f  •    ■  .  ■ 

Right-Hand  Turning  Tool.-This  is  just  the 
opposite  of  the  left-hand  turning  tool  and  is 
designed  to  cut  when  fed  from  ri^t  to  left  (C, 
fig.  21-7).  The  cutting  edge  is  on  the  left  side. 
This  is  an  ideal  t(xrf  Cor  taking  roughing  cuts  and 
for  general  all-around  machine  work. 

Left-Hand  Facing  Tool.-This  tool  is 
intended  for  facing  on  the  left-hand  side  of  the 
work,  as  shown  in  D,  figure  21-7.  The  direction 
of  feed  is  away  from  the  lathe  center.  The 
cutting  edge  is  on  the  right-hand  sic^lof  the  tool, 
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and  the  point  of  the  tool  is  sharp  to  ^mit 
machining  a  square  comer. 

ThrcatUng  TooL-Thc  point  oMhe  threading 
tool  is  ground  to  a  60*  included  angle  for 
machining  V-form  screw  threads  tE,  %  21-7). 
Usually,  the.  top  of  the  tool  is  ground  flat,  and 
there  is  clearance  on  both  sides  of  the  tool  so 
that  it  win,  gut  on  both' sides, 

Right-Hand  Facing  Tool,-This  tool  is  just 
the  opposite  of  the  left-hand  facing  tool  and  is 
intended  for  facing  the  right  end  of  the  work 
ana"  for  machining  the  right  side  of  a  shoulder 
(See  F,  %  21-7,) 

Square-N<^d  Parting  (Cutof!)  Tool.-The 
principal  cutting  edge  of  this  tool  is  on  the 
front  (See  G,  fig.  21-7.)  Both  sides  of  the  tool 
must  have  sufficient  clearance  to  prevent 
binding  and  should  be  ground  slight^  narrower 
at  the  back  than  at  the  cutting  edge.  This  tool  is 
'convenient  for  machining  necks,  grooves, 
squaring  comers,  and  for  cutting  o^.  ^ 

Boring  Tool.-The  boring  tool  is>  usually 
grounds  the  same  ^pe  as  the  left-hand  turning 
tool  so  4hat  the  cutting  edge  is  on  the  front  side 
of  the  cutter  bit  and  may  be  fed  in  toward  the 
headstock. 

I|side-Threading  tool. -The  inside-threading 
tool  is  the  same  as  the  thrcading^tool  in  E,  figure 
21-7,  except  that  it  is  usually  much  smaller. 
Boring  and  inade-threading  tools  may  require 
larger  relief  an^es  when  used  in  small  diameter 
holes. 

LATHE  CHUCKS.-The  lathe  chuck  is  a 
device  for  holding  lathe  work.  It  is  mounted  on 
the  nose  of  the  spindle.  The  work  is  held  by  jaws 
wdiich  can  be  moved  in  radial  slots  toward  the 
center  to  clamp  down  on  the  sides  of  the  work 
These  jaws  are  moved  in  and  out  by  screws 
turned  by  a  chuck  wrench  applied  to  the  sockets 
located  at  the  outer  ends  of  the  Jlots. 

The*  4-jaw  independent  lathe  chuck,  part  A 
in  figure  21-8,  is  the  most  practical  for  general 
work.  The  four"  jaws  are  adjusted  one  at  a  time, 
making  it  possible  to  hold  work  of  various 
shapes  and  to  84just  the  center  of  the  wtoric  to 
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comdde  with  the  center  of  the  lathe.  The  jaws 
are  reversible. 

The  3^aw  universal  or  scroll  chuck,  part  B  in 
figure  21-8,  can  be  used  only  ,  for  holing  round\. 
or  hexagonal  work.  All  three  jaws  a«  moved  in 
and  out  together  in  one  operation^^ey  move 
universally  to  bring  the  work  on  center 
automatically.  This  chuck  is  easier  to  operate 
than  the  •4-jaw  type,  but,  when  its  parts  become 
worn,  its  accuracy  in  centering  cannot  be  relied 
upon.  Proper  lubrication  and  constant  care  in 
u»  are  n^essary  to  ensure  reliability. 
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The  draw-in  collet  chuck  is  used  to  hold 
small  work  for  machining  in  the  lathe-  It  is  the 
most  accurate  type  of  chuck  made  and  is 
intended  for  precision  work.  Ekure  21-9  shows 
the  parts  assembled  in  place  iirthe  lathe  spindle. 
The'  coUet  chuck  w&ch  holds  the  woric  is  a 
split-cylinder  with' an  outside  taper  that  fits  into 
the  tapered  closing  sle^e  and  scre'i^  into  the 
threaded  end  of  the  hollow  drawbar.  Tightening 
up -on  the  drawbar  by  turning  the  handwheel 
pulls  the  collet  back  into  the  tapered  sleeve^, 
thereby  closing  it  firmly  over  the  work  and 
centering  it  accurately  and  quickly.  The  size  of 
the  hole  in  the  collet  determijies  the  diameter  of 
the  work  it  can  accommodate. 

Faceplates 

^ou'^wjU  use  the  faceplate  for  holding  work 
whose  shape  and  din^nsions  cannot  be  swung 
on  centers  or  in  a  chuck.  The  T-slots  and  other 
openings  on  its  airface  provide  convenient 
anchors  for  bplts  and  clamps  us^d  in  secunng 
the  ^work  to  it.  The  facet>Iate  is  mou|ited  on  the 
nose  of  the  spindle. 

The  driving  plate  is  similar  |o  a  small 
faceplate  and  is  used  principally  for  driving  work 
that  is  held  between  centers.  The  l^ial  nlot 
receives  the  bent  tail  of  a  lathe  dog  clamped  to 


the  work  and  transmits  rotary  motion  to  the 
work. 

Lathe  ^Centers 

*  ■  ■  •  ■ 

The  function  of  the  60°  lathe  centers  shown 
in  figure  21-10  is  to  provide  a  way  to  hold  the 
work  between  points  so  it  can  )>e  turned 
accurajJ:elv  on  its  axis.  The  head  spindle  center  is 
called  th^LIVE  CENTER  because  it  revolvfes 
with  the  work.  The  tailstock  center  is  called  the 
DEAD  CENTER^ause.it  does  not  turn.  Both 
live  and  dead  centers  have  shanks  turned  to  a 
Morse\  taper  to  fit  the  tapered  holes  in  the 
spindled;  both  have  points  finished  tc  an  angle  of 
60°.  They  differ  only  in  that  the  dead  center  is 
hardened  and  tempered  to  resist  the  wearing 
effect,  of  Qie  work  revolving  on  it.  The  live 
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ERIC 


485 


502 


•  center  revolved  with  the  work,  and  it  is  usually 
left  soft.  The  dead  center  and  live  centeronust 
NEVER  be  interchan^d.  (There  is  a  groove 
arouhd  the  hardened  dead  center  to  distinguish 
it  from  the  live  center.) 

The  centers  fit  snugiy  in  the  tapered  holes  of 
the  he6dstock-_and  tailstock  spindles.  If  chips, 
dirt,  pT  burrs'  prevent-  a  perfect*  fit  iiv  the 
spindles,  the  centers  will  not  run  true. 

To  remove  the  headstock  center,  insert  a 
brass  rod  through  the  spindle  hole  and  tap  the 
center  to  jar  it  loose;  it  can  then  be  picked  out 
with  the  hand.  To  remove  the  tailstock  center, 
run  the  spindle  back  as  far  as'  it  will  go  by 
turning  the  handwheel  tp  the  left.  When  the  end 
of  the  tailstock  screw  bumps  the  back  of  center, 
it  will  force  it  out  of  the  tapered  hole. 

Lathe  Dogs 

Lathe  dogs  are  used  in  conjunction  with  a 
driving  plate  or  faceplate  to  drive  work  being 
machined  on  centers;  me  frictional  contact 
alone  between  the  live  center  and  the  work  is 
not  sufficient  to  drive  it. 

The  common  lathe  dog,  shown  at  the  left  in 
figure  2 Ml,  is  used  for  round  work  or  work 
having  a  regular  section   (square,  .  hexagon, 
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octagon).  The  piece  to  be  turned  is  held  finply 
in,  hole  A  by  setscrew     The  bent  tail  . C  projects 
through  a  slot  or  hole  in  the  driving  plate  or 
.  faojpl^e,  so  that,  when  the  latter  revolve^  with 

\the  spindle,  it  turns  the  work  with  it.  The  clamp 
dog,  illustrated  at  the  right  in  figure  12-11,  may 
be  used  for  rectangplar  or  irregular  shaped  work. 
Such  work  i&fClamped  between  the  jaws. 

Center  Rest        "      •     •  ' 

/  -T^te  (»nter  rest,  also  called  the  steady  rest,  is 
used  for  the  following  purposes: 

'/  .  » 

1.  To  provide  an  intermediate  support  or 
rest  for  long  slender  bars  or  shafts  being 
machined  between  centers.  It  prevents  them' 
from  springing  under  cut,  or  sagging  as  a  result  of 
their  otherwise  unsupported  weight. 

*  2.  To  support  and  provide  ai  center  bearing 
for  one  end  of  work,  such  as  a  spindle,  being 
bored  or  drilled  from  the  end  when  it  is  too  long 
to  be  supported  by  a  chucic  alone.  The  center 
•"  rest  is  clamped  in  the  desired  position  on  the 
bed  on  which  it  is  properly  aligned  by  the  ways, 
\  as  illustrated  in  figure  21-12.  It  i^'important  that 
'.  the  jaws  (A)  be  carefully  adjusted  to  allow  the 
.  work  (B)  to  turn  freely  and  at  the  sanie  time 
keep  it  accurately  centered  on  the  axis  of  the 
lathe.  To  accomplish  this,  turn  a  short  piece  of 
scrap  stock  to  the  same  diameter  as  the  work  to 
be  held,  then  adjust  the  rollers  to,  turn  with  light 
pressure.^  After  applying  the  roller  pressure, 
position  the  center  rest  where  it  is  needed.  The 
top  half  of  the  frame  is  hinged  at  C  for  easier 
positioning  without  removing  the  work  from  the 
centers  or  changing  the  position  of  the  jaws. 


Follower  Rest 


The  follower  rest  is  used  to  back  up  work  of 
smaU  diameter  to  keep  it  from  springing  under 
the  stress-  of  cutting.  It  Can  be  set  to  "either 
precede  or  follow  the  diameter  reduction 
resulting  from  the  cut  taken  by  the  cutting  tool. 
As  shown  in  figure  21-13,  it  is  attached  directly 
to  the  saddle  by  bolts  (B).  The  adjustable  jaws 
bear  direptly  on  the  part  of  the  work  opposite 
the  cutting  tool. 
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Figure  21-12. -C«nt«r  rtst. 


Ti^f  Attadunent 

The  taper  attachment,  illustrated  in  figure 
21-14  is  used  for  turning  and  boring  tapers.  It  is 
bolted  to  the  back  pf  the  carriage  saddle.  In 
operation,  it  is  so  connected  to  the  cross^de 
that  it  moves  the  cros-slide  laterally  as  the 
carria^  moves  longitudinaily,  thereby  eausing 
the  cutting  tool  to  move  at  an  angle  to  the  axis 
of  the  work  to  produce  a  taper, 

/  ■ 

The  angle  of  the  taper  you  desire  to  cut  is 
set  on>Mic  guide  bar  of  the  attachment.  The 
guide  bar  support  is  clamped  to  the  lathe  bed. 
Since  the  aoss-sUde  is  connected  to  a  shoe  that 
slides  on  this  guide  bar»  the  tool  follows  along  a 
line  that  is  parallel  to  the  guide  bar  and  hen(^  at 
an  angle  to  the  work  axis  corresponding  to  the 
desired  taper/ 

The  operation  and  application  of  the  taper 
attachment  will  be  further  explained  under  the 
subject  ofoaper  work,  ^ 


The  thread  dial  indicator,  shown  4n  figure 
2 1-1 5  ^  eliiftinates  the  need  t3f  reversing  the  lathe 
to  return  the  carriage  to  the  starting  point  to 
catch  the  thread  at  the  beginning  of  each 
successive  cut  that  is  taken*  The  dial,  whif:h  is 
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Figurt  21^14.-A  taper  tttsohmtnt 
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geared  to  the  lead  screw,  indicates  when  tp 
clamp  the  h^If-nuts  on  the  lead  screw  for  the 
next  cut.  '  .  * 

■  ^ 

Thie  threading  dial  consists  of  a  worm  wheel 
^  which  is  attached  to  the  lower  end  of  a  shaft  and 
meshed  with  the  lead  screw.  On  the  upper  -end 
of  the  shaft  is  the  dial.  As  the  lead  screw 
revoh^es,  the-dial  is  turned  and  the  graduations 
on  the  dial  indicate  points  at  which  the  half-nuts 
may  be  engaged.     .  , 

♦  .  *  .  *  '■ 

CarriftgeStop 

The  carriage  stop  can  be  attached  to  the  bed 
at  any  point  where  you  desire  to  stop  the 
carriage.  It  is  used  principally  when  turning, 
facing,  or  boring  duplicate  parts,  as  it  eliminates 
the  necessity  of  repeated  measurements  of  the 
same  dimenaon:  In  operation,  the  stop  is  set  at 
the  point  where  you  wanytostop  the  feed.  Just 
before  reaching  this  point,  shut  off  the 
automatic  feed  and  carefully  run  the  carriage  up 
against  the  stop.  Carriage  stops  are  provided 
with  or  without  micrometer  adjustment.  Figure 


21-16  shows  a  micrometer  carriage  stop.  Qamp 
it  on  the  ways  in  the  approximate  position 
.  required  and  then  adjust  it  to  the  exact  setting 
by  the  micrometer  adjustment.  (Do  not  confuse' 
this  stop  with  the  automatic  carriage  ^op  that 
automatically  stops  the  carriage  by  disengaging 
the  feed  or  stopping  the  lathe.)  ; . 

FACTORS  RELATCD  TO 
MACHINING  OPERATIONS 

A  knowledge  of  many  facto^  is  required  if 
you  are  to  be  proficient  in  performing  machine 
work  with  a  lathe.  Some  of  these  factors  are 
considered  in  the  following  ^tions. 

PHASES  OF  THE  OPERATION 

Before  attempting  the  operation  of  any 
lathe,  make  sure  you  know  how  to  mn  it.  Read 
ail  operating  instructions  supplied  with  the 
machine.'  Learn  the  locations  of  ithe  various 
controls  and  how  to  operate  them.  -When  you 
are  satisfied  that  you  know  how  they  work,  start 
the  motor,  but  first  check  to  see  that  the  spindle ' 
clutch  and  the  power  feeds  are  disengaged.  Then 
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become  familiar  witii^ll  phases  of  operation,  as 
follows; 

1.  Shift  the  speed  change  levers  into,  the 
various  combinations;  start  and  stop  the  spindle 
after  each  change.  Get  the  feel  of  this  operation. 

2,  With  the  spindle  nmning  at  its  slowest 
speed,  tl|^  out  the  operation  of  the  power  feed^ 

•  and  observe  theic  action.  Take  care  iiot  to  tun 
the  carriage .  too  near  the  limits  of  its  travel. 
Lfeam  how  to  reverse  the  direction  of  feeds  and 
how  to^disep^ge  thera  quickly.  Before  engaging 
either  of  the  power  feeds,  operate  the  hand 
controls  to  be  sure  parts  involved  are  free  for 
^nning. 

3,  Try  out  the  operation  of  engaging  th 
ii^Htdid  screw  for  thread  cutting.  Rem^ber  tha 

the  feed  mechanism  must  bejiisengaged  before' 
the  half-nuts  can  be  closed  on  the  lead  screw. 

4.  Practice  *  making  changes  with  the 
QUICK-CHANGE  GEAR  MECHANISM  by  ^ 
referring  to  the  thread  and  feed  index  plate  on 
the  lathe  you  intend  to  ojJarate.  Remember  that 
changes  made  in  the  gear  box  are  dpne  with  the 
lathe  running  slowly,  but  the. lathe  must  be 
stopped  for  large  changes  made'by  shifting  gears 
in  the  main  gear  train. 

MAINTENANCE 

0 

The  mainten^ce  of  any  lathe  must  be  done 
in  strict  compliance  wi^Ji  the  Maintenance  and 
Material  Management  (3-M)  System.  Althou^ 
the  3-M  is  designed  to  improve  the  degree  of 
readiness,  its  effectiveness  and  reliability  are 
dependent  upon  you.  The  first  requisite  to 
maintenance  pf  your  lathe  is  proper  lubrication. 
Make  it  a  point  to  oil  your  lathe  daily  where  oil 
holes  are  provided.  Oil  the^ways  daily-not  only 
for  lubrication  but  to  .  protect  their  scraped 
surfaces.  CHI  the  lead  screw  often  while  in  use; 
this  is  necessary  to  preserve  its  accuracy,  for  a 
worn  lead  screw  lacks  precisieflK^n  thread 
cutting.  Make  sure  the  headstock  is  nlled  up  to 
-the  oil  level;  drain  it  out  and  replace  it  when/lRe 
oil  becomes  dirty  or  gummy.  If  your  lathe  i^ 
equipped  with  an  automatic  oiling  system  for 
some  parts,  make  sure  all  those  parts  are  getting 
oil.  Make  it  a  habit  to  CHECK  frequently  for 
lubrication  of  all  moving  parts.         -  / 


Do  ho^treat  your  machine  rou^^lyi^  When  ^ 
you  shift  gears  for  changing  speed  or  feed, 
remembes  that  you  are  putting  solid  gear  teetii 
into  mesh'^with  each  other;  feel*  the,  gears  in 
ettgagement  Disen^ge  the  clutch  aiwkgtqp/the 
lathe  beforg  shifting,  .      ^  ^  . 

Befoft^  engaging  the  4ongitudiiml  feed,  be 
cfertain  that  the  carriage  clamp  sdtswis  loose  ^d 
that  the  carriage  can  be  moved  bphan^.  Avoid 
running  the  carriage  against  thePieadstoek  or 
tailstock  while  under  power  fepd;  it  put^  an 
unnecessary  strain  on  the  lathe  and  may  jam  the  • 
gears, 

Do  not  neglect  the  moltbr  just  because  it 
may  be  out  of  sight;  check  |]^iubrication.  If  it 
does  not  run  properly,  noti|y  the  Electrician's 
Mate  whose  duty  it  is  to /care  for  it.  He  \yiH 
cooperate  with  you  to  keejrit  in  good  condition. 
On  lathes  with  a  belt  dciven  from  the  motor, 
avoid  getting  oil  or  grease  on  "the  belt  when 
oiling  th^  lathe  or  motor,  , 

Keep  your  lathe  clean.  A  clean  and  ord»ly 
machine  is  an  indication  Of  a  good  mechanic 
Dirt  and  chips-^n  the  ways,  on  the  lead  scr^ 
and*  on  the  croWeed  screws  will  cause  seri 
wear  and  impair  the  accuracy  of  the  machine. 

Frenches,  files,  or  other  tools 
^6u  must  keep  tools  on  the  bed, 
Protect  the  finished  surfaces  of 

th^ed  or  carriage  as  an  anvil; 


NEVER  put 

on  the  ways.  If 
use  a  board  to 
the  ways. 

NEVER 
remember  th 


jasion 
to  ol 


t  the  lathe  is  a  precisigj 
and  nothing  must  be  allowed 

accuracy.   /  ■ 

Cutting  S|i^ds  and  Feeds 


machine 
stroy  its 


'  Cutting  speed  is  the  rate  at  which  the  surface 
of  the  work  passes  the  point  of  the  cutting  tool. 
It  is  expressed  in  feet  per  minute. 

Fe?d  is  the  amount  the  tool  advances  in  each 
revoUitio"  of  the  work.  It  is  Usually  expressed  in 
thousandths  of  an  inch  per  revolution  of  the 
sp^rtiile.  The  index  plate  on  the  qiiick-change 
g^lr  box  indicates  the  setup  for  obtaining  the 
t^d  desired.  Th^amount  of  feed  to  use  is  best. 
,  jietermined  from  experience. 

Cutting  speeds  and  tool  feeds  are  determined 
by  various  considerations;?  tije  ^  hardness  and 
toughness  of  the  metal  being  cut;  thp  quality, 
shape,  and  sharpness  of  the  cutting 'tool;  the 
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depth  of  the  cut;  the  tendency  of  the  woi:k  to 
spring  away,  from  the  tool;  and  the  strength  and 
power  of  the  lathe.  Since  conditions  vary,  it  is 
good  practice  to  find  out  what  the  tool  and 
work  will  stand  and  then  select  the  most 
practicaljle  and  efficient  speed  and  feed 
consistent  withthe  finish  desired. 

When  ROUGHING  parts  down  to  size,  use 
the  greatest  depth  of  cut  and  feed  per  revolution 
that  the  ^d|^the  machine,  and  the  tool  will 
stand  at  tnSp^est  practicable  speed.  On  many 
pieces  whei^tool  failure  is  the  limiting  factor  in 
the  size  of  roughing  cut,  it  is  usually  possible  to 
J|educe  the  speed  slightly  and  increase  the  feed 
to  a  point  where  the  metal  removed  is  much 
greater. -^is  will  prolong  tool  hfe."  Consider  an 
example  where  the  dfepth  .of  cut  is  1/4  inch,  the. 
feed  0.020  inch  per  revolution,  and  the  speed  80 
fpm.  If  the  tool  will  not  permit  additional  feed 
at  this  speed,  it  is  Usually  possible  to  drop  the 
speed  to  60  fpm  and  increase  the  f^ed  to  about 
0.040  inch  per  revolution  without  having  tool 
trouble.  The  speed  is  therefore  reduced  25%  but 
the  feed  is  increased  100%  so  that  the  actual 
time  required  to  complete  the  work  is  less  with 
the  second  setup.  • 

On  the  FINISH  TURNING  OPERATION  a 
.very  light  cut  is  taken,  ange  most  of  the  stock 
has  been  removed  on  the -roughing  cut.  A  fine 
feed  can  usually  be  used,  making  it  possible  to 
rim  at  a  high  surface  «peed.  A  50^  increase  in 
speed  over  the  roughing  speed  is  commonly 
used.  In  particular  cases  'the  fmishing  speed  may 
be  twice  the  roughinj  speed.  In  any  event,  the 
work  should  be  run^as  fast  as  the  tcypl  will 
withstand  to  obtain  the  maximum  speed  in  this 
operation.  A  sharp  tool  should  be  used  when 
finish  turning. 

cooLAffrs 

^  A  cutting  luhii^cant  serves  two  main 
puposes-it  cools  the,  tool  by  absorbing  a 
portion  of  the  heat  and  reduces  the  friction 
between  the  tpol  and  the  metal  being  cut.  A 
secondary  purpose  is  to  keep  the  cutting  edge  of 
the- tool  flushed  clean. 

.  The  best  lubricants  to  use  f6r  cutting  metal 
must  often  ^  determined  by,  experiment. 
Ordiimry  oil  is  often  used,  but  water  soluble  oil 
is  acceptaye  for  most  common  metals.  S{^ecial 


cutting  cmnpounds  containing"  such  ingredients 
as  tallo\^%raphite,  and  lard,  aiarketed  under 
various  names,  are  also  used,  %mX  these  are 
exp«jnsive  and  used  mainly  in  manufacturing 
where  high  cutting  sp^ds  are  the  rule.  ' 

The  •  usual^  lubricants  for  ^  turning  the 
following  metalT 


Metal 


Lubricant 


Cast  iron    ....>..."..  Usually  woriced  dry 

Mild  steel  '.  .  .  Oil  or  soluble  oil 

.  Hard  steel  ......  ^  .  .  .  iSiineral  lard  oil 

Monel  metal   Dry  (or  sduble  oil) 

Bronze  Qry  (or  ^b^e  oil)  ^ 

Brass  i  .  Dry  (or  soluble  oil) 

Copper   .  .  .  .  Dry  (or  soluble  oil) , 

Babbitt    ...........  Dry  (or  soluble  oil) 

Aluminym  j^^.  Dry  (or  sbluble  oil) 

l^or  threading,  a  lubricant  is  more  important 
than  for  straight  turning.  Mineral  lard  oil  is 
recommended  for  tlireadng  in  the  majority  of 
metals  that  are  used  by  the  Navy. 

CHATTER 

If  you  are  unaware  of  the  meaning  of  the 
word  "chatter,"'you  will  learn  kl  too  soon  while 
.  working  with  a  machine  tool  of  any  description. 
Briefly,  chatter  is  vibration  in  either"  the  tool  or 
the  work.  The  finished  work  surface  appears  to 
have  a  grooved  or  lined  finish  instead  of  the 
smooth  surface  that  is  to  be  expected.  The 
vibration  "is  set  up  by  a  weakness  in  the  work, 
work  support,"^ool,  or  tool  support  ahd  is  about . 
the  most  elusive  thing  to  find  m  the  entire  field 
of  machine  work.  As  a  general  rule, 
strengthening  the  various  parts  of  the  tool 
support  train  Will  help.  It  is  also  advisable  to-^ 
support  the  work  by4 a. center  rest  or  fdllower 
rest. 

Possibly  the  fault  is  in  the  n^aphme 
adjustments.  Gibs  may.be  too  loose;  bearings 
nmy,  after  a  long  period  of  heavy  service;  be  ^ 
worn;  the  toQl  may  be  sharpened  improperly, 
etc.  If  the  machine  is  in  excellent  condition,  the 
fault  may  be  in  the  tool  or  tool  setup.  Grind  the' 
tool  with  a  point  or  as  near  a  point  as  the  finish' 
specified  will  permit;  avoid  a  wi4e,  round 
leading  edge  on  the  tool.  Reduce  the  overhang 
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of  tlje  tool  as  much  as  possible  apd  be  sure  that 
aU  the  gib  an4  bearing  adjustrn^ts  are  properly 
made.  Sec  that  the  work  receivt^  proper  support 
for  the  cut,  anc^Sabove  ail^do  not  try  to  turn  at  a 
surface  sp^d  that  is  too  high.  Excessive  sp^  is 
probably  the  greatest ,  cause  of  chatter,  and  the 
firs\  thing  you  should  do  when  chatter  occurs  is 
to  reduce  the  speed. 


Direction  of  Fcc^l>~ 


Regardless  of  how  the  work,  is  held  »in  the 
lathe,  the  tool  should  fe^'  toward  the 
headstock.  This  results  in  most  of  the  pressure 
of  the  cut  being  e^^erti^  on  the  workhx)ldmg 
device  and  spindle  ^ust  bearings.  When  it  is 
necessary  to  feed  the  cutting  tool  toward  the 
tailstockf  take  lifter  cuts  at  reducM  feeds.  Iji 
feeing,  the  general  practice  is  to  feed  the  to^l 
from  the  center  of  the  workpiece  out  toward  the  • 
periphery. 


PREUMEMARY  PROCEDURES 

f 

^w«e  starting  a  lathe  machining  operation, 
always  msur^  that  the  machine  is  set  up  for  the^ 
job  youi  arc  to  dp.  If  the  work  is  mounted 
between  centers,  che^k  the  .alignment  of  the 
dead  center  and  the  live  center  and  make  any 
.changes  required.  Ensure  that  the  toolholder  and 
f  cutting  tool  are  set  at  tlje  proper  height  an^ 
ang^e.  Check  the  workholding  accessory  to 
ensure  that  the  workpiece  is  held  securely.  Use 
r  the  ^center  rest  or  follower  rest  for  support  of 
long  workpieces.  ^ 

PREPARING  THE  CENTERS 

■  ; 

The  first  step  in  preparing  the  centers  is  tb  * 
see  that  they  are  accurately  mounted  in  the 
headstock  ,and  tailstock  spindles.  The  centers 
and/ the  taperad  holes  in  which  they  are  fitted 
must  be  perfectly  clean.  Chips  and  dirt  left  on 
the  contact  sypf^c«:s  will  impair  accuracy  by 
preventing  a  perfect  Tit  of  the  bearing  surfaces. 
Make  sure  that  there  are  no  burrs  in  &e  spindle 
hole, '  If  burrs  are  found,-  remove  them  by 
carefully  scraping  or  reaming  with  a  Morse  taper . 

'  reamer.  Burrs  will  produce  the  same  Inaccuracies 

/  as  chipsllr  dirt. 
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Center  points  must  be  finished  accurately  to  * 
an^fle  o\  60"*.  Figure  2M7  shows  the  method 
pf  che<3king  this  angle  with  a  center  ga^.  The 
lai^e  6otch  of  the  coiter  gage  is  intended^  for 
this  particular purpose.  If  this  t^t  shows  that 
the  point  is  not  perfect,  you  must  trae  it  in  the 
la^e  by  taking  a  cut  ov«r  the  point  with  the 
cbmpounid  rest  set  at  30^.  You  must  anneal  the 
hardened  tail  center  before  i\  can  be  machined 
jin  this  manner,  or  you  can  grind  it  if  a  grinding 
*  attachment  is  available.  ^  - 

CHECKING  AUGNMENT 

To  tim\  a  shaft  straight  and, true  between 
centers,  the  centers  must  be  ih  a  plane  parallel  to 
the  ways  of  the  lathe.  You  can  move  the  ^ 
taijistock  laterally  to  accomplish  this  alignmmt 
by  two  adjust^fig  screws  aftet  it  has  been 
released  from  Sic  ways.  ^Vt  the  rear  of  the 
tailstock  are  tWd  zero  lines,  and  the  centers  are 
approxima^ly  ^gned  when  these  two  lines 
coincide.  You  ican  check  ^tj^js  approximate 
alignment  by  moving  the  tailstock  up  until  the 
centers  almost  touch  and  observing  their  rel^ttive 
positions  as'  shown  in  figure  21-18.  For  ❖ery 
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accMrate  work*  especially  if  it  is  long,  the 
following  test  is  necessary  to  correct  small  errors 
in  alignment  not  otherwise  detected. 

Mount  the  work  to  be  turned,  or  a  piece  of 
«fock  of  .similar  length,  on  the  centers.  With  a 
turning  toql  in  the  tool  post,  take  a  small  cut  to 
a  deptli  of  a  |ew  thousandths  of  an  inch  at  the 
headstock  encl  of  the  work.  Then  remove  the 
work  from  the  centers  to  allow  the  carriage  to 
be  run  back  to  the  tailstock  without  drawing  the 
tool  Do  not  touch  the  tool  setting.  Replace  the 
work  in  the  centers,  and,  with  the  tool  set  at  the 
previous  depth,  take  another  cut  coming  in  from 
the  taiistpck  end.  Compare  the  diameters  over 
these  cuts  with  a  micrometer.  If  the  diameters 
are  exatrtly  the  same,  the  centers  are  in  pex;fect 
alignment.  If  they  are  different,  you  must  adjust 
the  tailstock  in'  the  direction  required  by  turning 
the  setover. adjusting  screws.  Repeat  the  above 
test  and  adjustment  until  a  cut 'at  each  end 
produces, equal  diameter. 

You  can  also  check  the  positive  alignment  of 
centers  by  placing  a  test  bar  between  centers 
bringing  both  ends  of  the  bar  to  a  zero  reading' 
as  indicated  by  a  dial  indicator  clamped  in  the  ■ 
tool -post.  The  tailstock  must  be  clamp^  to  the' 
ways  and  the  test  bar  must  be  properly  adjusted 
between  centers  when  you  take  the  indicator 
readings. 

Another  method  that  may  be  used  for 
positive  alignment  of  latlie  centers  is  to  take  a 
light  cut  over  the  work  held  between  centers, 
Tlien  measure  the  work  at  each  end  with  a 
micrometer,  and,  if  the  readings  are  found  to 
differ,  adjust  the  tailstock  accordingly.  Repeat 
,  the  procedure  until  alignment  is  obtained. 

SETTING  THE  TOOLHOLDER 
AND  CUTTING  TOOL 


The  first  requirement  .for  setting  the  tool  is 
40  have  it  rigid.  Make  sure  the  tool  sets  squarely 
in  the  tool  post  and  that  the  setscrew  is  tight. 
Reduce  overhang  as  much  as  possible  to  prevent 
springing  when  cutting.  If  the  tool  has  too  much 
spring,  the  .point  of  the  tool  will  catch  in  the 
work,  causing  chatter  and  damaging  both  the 
tool  and  the  work.  The  distances  represented  by 


A  and  B  in  figure  21-19  show  the  correct 
overhang  for  the  tool  bit  and  the  holder. 

The  point  of  the..  ^opl  must  be  correctly 
positioned  on  the  work.  Place  the  cutting  edge 
slightly  above  the  center  for  straight  turning  of 
steel  and  cast  iron^  and  exactly  on  the  center  for 
all  other  work.  To  set  the  tool  at  the  height 
desired,  raise  or  lower  the  point  of  the  tool  by 
moving  the  wedge  in  or  out  of  the  tool  post  ring. 
By  placing  the  point  opposite  the  tail  center 
point,  you  can  adjust  the  setting  accurately. 

HOLDING  THE  WORK 

Accurate  work  cannot  be  performed  if  work 
is  improperly  mounted.  Requirements  for 
proper  mounting  are: 

1.  The  work  centerline'  must  be  accurat«;ly. 
centered  with  the  axis  of  the  lathe  spindle. 

'  2.  The  work  must  be  rigidly  held  while 
being  turned. 

3.  The  worJ^  must  NOT  be  sprung  out  of 
shape  by  the  holding  device. 

4.  The  work  must  be  adequately  supported 
against  any  sagging  caused  by  its  own  weight  and 
against  springing  caused  by  the  action  of  the 
cutting  tool. 

There  afe  four  general  methods  of  holding 
work  in  the  lathe:  (1)  between  centers,  (2)  on  a 
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Sandre!,  (3)  in  a  . chuck,  and  (4)  cm  a  faceplate, 
ork  may  also'  be  damped  to  the  carriage  for 
^  boring  and  milling,  in  which  case  the  boring  bar 
or  milling  cutter  is  held  and  driven  by  the 
headstock  spindle. 

Other  methods  of  holding  work  to  suit 
special  conditions  are:  <1)  one  end  on  the  live 
<caiter  or  in  a  chuck  and  the  other  end 
supported  in  a  center  rest,  and  (2)  one  end  in  a 
cKuck  and  the  other  en^  on  the  dead  center. 

Holding  Work  Between  Craters 

To  machine  a  workpiece  between  centers, 
center  holes  must  be  drilled  in  each  end  to 
receive  the  lathe  centers.  A  lathe  dog  is  then 
secured  to  the  workpiece^  and  then  the  work  is^ 
mounted  between  the  live  and  dead  centers  of 
the  lathe.  ,  .  - 

^  CENTERING  THE  WORK,~To  center 
round  stock  where  the  ends  are  to  be  turned  and 
must  be  concentric  with  the  unturned  body,  the 
work  can  be  held  on  the  head  spindle  in  a 
univetsal  chuck  or  a  ^raw-in  collet  chuck.  If  the 
work  is  long  and  too  large  to  be  passed  through 
the  spindle,  a  center  rest  must  be  used  to 
support  one  end.  The  centering  tool  is' held  in  a 
drill  chuck  in  the  tail  spindle  and  is  fed  to  the 
work  by  the  tailstock  handwhcel  (fig,  21-20). 

For  c  en  terd  rilling  a  workpiece,  the 
combined  drill  and  countersink  is  the  most 
practical  tool.  These  combined  ,  drills  and 
^  countersinks  vary  in  size  and  the  drill  points  also 
vary.  Sometimes  a  drill  point  on  one  end  will  be 
1/8  inch  in  diameter,  and  the  drill  point  on  the 
opposite  end  will  be  3/16  inch  in  diameter.  The 
angle  pf  the  centerdrill  is  always  60"^  so  that  the 
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countersunk  hole  will  fit  the  angle  of  the  lathe 
center  point. 

If  a  centerdrill  is  not  available,  the  work  may 
be  centered  with  a  small  twist  drill.  Let  the  drill 
enter  the  work  a  sufficient  length  on  each  end; 
then  follow  with  a  special  countersink,  the  point 
of  which  is  60^,  -  V 

In  centerdriUing,  a  drop  or  two  of  oil  should 
be  used  on  the  drill-  The  drill  should  be  fed 
slowly  and  carefully  so  as  not  t^  break  the  tip. 
Extreme  care  is  needed  when  the  work  is  heavy, 
because  it  is  then  more  difficiUt  to  *feer'  the 
•  proi^r  feed  of  the  work  on  the  centerdrill. 

If  the  centerdrill  breaks  during 
countersinking  and  part  of  the.  broken  >4rill 
remains  in  the  work,  this  part^must  be  remov^. 
Sometimes  it  can  be  -driven  out  by  a  chisel  or 
jarred  loose,  but  it  ma>^  stick  so  hard  that  it, 
cannot  be  removed  in  this  manner.  Then  the 
broken  part  of  the  drill  should  be  annealed  and 
drilled  out. 

We  cannot  overemphasize  the  importance  of 
proper  center  holes  in  the  woric  and  a  correct- 
angle  on  the  point  of  the  lathe  centers.  To  do  an 
accurate  job  between  centers  on  the  lathe, 
countersunk  hoIe§  must  be  of  the  proper  sizd 
and  depth,  and  the  pomts  of  the  lathe  centers 
'must  be  true  and  accurate. 

MOUNTING  THE  WORK.-Figure  21-21 
shows  correct  and  iricorrect  methods  of 
mounting  work  betw^n  centers.  In  the  correct 
example,  the  driving  dog  is  attached  to  the  work 
and  rigidly  held  by  the  set&crew.  The  tail  of  the 
dog  rests  in  the  slot  of  the  faceplate  and  extends 
J>eyoitd  the  base  of  the  slot  so  that  the  work 
^rests  firmly  on  both  the  headstock  center  and 
tailstock  center. 

In  the  incorrect  example,  note-  that  the  tail 
of  the  dog  rests  on  the  bottom  of  the  slot  on  the 
faceplate  at  A,  thereby  pulling  the  work  away 
from  the  center  points,  as  shown  at  B  and  C,  and 
cau^g  the  work  to  revolve  epcentrically. 

In  mountinj^  work  between  centers  for 
machiningV  there  should  be  np  end  play  between 
the  work  and  the  dead  center.  However,  if  the 
work  is  held  too  tightly  by  the  tail  center  when 
revolving,  the  work  will  heat  the  center  point, 
destroying  both  the  center  and  the  work..  To 
help  prevent  ovejrheating,  the  tail  center  must  be 
lubricated  with  p-ease  or  oil. 
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Holdiiig  Work  on  a  Mandre! 

Many  parts,  such  as  bushinp,  gears,  coUars, 
and  puJIcyg  require  aU  the  finished  external 
surface  to  mn  true  with  the  hole  which  extends 
throu^  them.  That  is,  the  outside  diameter 
jnuit  be  true  with  the  inside  diameter  or  bore. 

General  practice  is  to  finish  the  hole  to  a 
standard  size  within  the  limit  of  the  accuracy 
desired.  Thus  a  3/4-inch  standard  hole  would 
'ordinarily  be  held  from  0.7495  to  0.7505 
inchesj  a  tolerance  of  0.0005  ipch  above  or 
below,  the  true  standard  size  of  exactly  0.750 
inch.  First  diiil  or  bore  the  I^Ie  to  within  a  few 
thousandths  of  an  in^h  of  the  finished  size;  then 
remc^e  the  rcnMunder  of  the  material  with  a 
machine  veamer,  following  with  a  hand  reameauf 
the  limits  are  extremely  close. 

Then,  press  the  piece  on  s  mandrel  tight 
enough  so  the  work  will  not  slip  while  being 
machined,  damp  a  dog  on  the  mandrel,  which  is 
mounted  between  centCTs.  Since  the  mandrel 
^suiface  tuns  true  >vith  respect  to  the  lathe  axis, 
the  turned  surfaces  of  the  work  on  the  mandrd 
will  be  true  with  respect  to  the  hole  in  the  piece. 

A  mandrel  is  simply  a  round  piece  of  steel  of 
convenient  length  which  has  been  centered  and 
ground  true  with  the  centers.  Commerd^ 


mandrels  are  made  of  tool  steel,  hardened  and 
ground  with  a  slight  taper  (usually  0.0005  inch 
per  mch).  On  sizes  up  to  1  inch  the  small  end  is 
usually  one-half  thousandth  of  an  inch  under  the 
standard  size  of  the  mandrel,  while  on  larger 
sizes  this  dimension  is  usually  0.001  inch  under 
standard.  This  taper  allows  the.  standard  hole  in 
the  Work  to  vary  according  to  the  usual  shop- 
practice  and  still  provides  a  drive  to  the  work 
when  the  mandrel  is  pressed  intb  the  hole.  The 
taper  is  not  great  enough  to  distort  the  hole  in 
the  work.  ,The  .countersunk  centers  of  the 
^  mandrel  are  lapped  for  accuracy.  The  ends  are 
turned  smaller  than  the  body  of  the  mandrel  and 
providwi  with  flats  which  give  a  driving  surface 
for  the  lathe  dog/  ,  . 

Holding  Work  in  Oiucks 

The  independent  chuck  and  universal,  c^iuck 
arc  more  often  used  than  other  workholding 
devices  in  performing  lathe  operations.  The 
universal  chuck  is  used  for  holding  relatively 
true  cylindrical  work  when  the  time  required  to 
do  th^ob  is  more  important  than  the  acairate 
conceipricity  of  the  rhachined  surface  and  the 
holding  power  of  the  chuck.  When  the  Work  is 
irregular  in  shape  and  must  be  accurately 
centered  and  held  Mcurely  for  heavy  feeds  and 
depth  of  cuts,  an  independent  chuck  should  be 
used. 

4.JAW  INDEPENDENT  CHUOC-Figure 
21-22  shows  a  rough  casting  mounted  in  a  4^aw  " 
independent  lathe  chuck  oi\  the  spindle  of  the 
lathe.  Before  truing  the  work,  determine  whidi 
part  you  wish  to  have  turn  true.  To  mount  this 
^  casting  in  the  chuck,  proceed  Ss  follows: 

1.  yAdjust  the  chuck  jaws  to  receive  the 
casting.  Each  jaw  should  be  concentric  with  {he 
ring  marks  indicated  on  the  face  of  the  chuck.  If 
there  are  no  ring  marics,  be  guided  by  the- 
circumference  of  the  body  of  the  chuck, 

2.  Fasten  the  work  in  the  chuck  by  turning 
the  adjusting  screw  on  jaw  No.  1  and  jaw  No.  3, 
a  pair  of  jaws  which'  are  opposite  to  each  other. 
Next  tighten  jaws  No.  2  and  No.  4. 

3.  At  this  stage  the  work  should  be  held  in 
the  jaws  just  tight  enough  so  it  wiU  not  fall  out 
of  the  chuck  while  being  trued. 
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digmeter  of  the  piece  will  be  machined  when  it 
is  in  a  distorted  p<^tion.  When  the  pressure  of 
the  jaws  is  released  after  the  put,  there  will  be  as 
many  high  spots  as  there  are  jaws,  and  the 
turned  surface  will  not  be  true. 

ofChudss 

To  pr^sejye  the  accuracy  6!^:%phuck,  handle 
it  carefully  mia>keep  it  clean  and  free  froin  grit. 
NEVER  force  a  chuck  jaw  by  using  a  pipe  as  an 
extension  on  the  chuck  wrench. 

Before  moumi|ig  a,  chuck,  you  must  remove 
the  live  center  to  prevent  the  possibility  of 
ruining  it  when  drilling  work  hgld  in  the-  chuck 
^    (you  could  inadvertency  drill  right  through  the 
28.1  ir^^-xenter). 


Fipur*  21-22.— Viofk  mount»d  ki «  44iw  diuck. 


4.  Revolve  the  spindle  slowly  by  hand  and, 
with  a  piece  of  chalk,  m^k  the  high  spot  (A  in 
figure  21-22)  on  the  work  while  it  is  revolving- 
Steady  your  hand  on  the  tool  post  while  holding 
the  chalk.  % 

5.  Stop  the  spindle.  Locate  the  nigh  spot 
on  the  work  and  adjust  the  jaWs  in  tht  proper 
direction  to  tme  the  work  by  releadng  the  jaw 
opposite  the  chalk  mark  and  tightening  the  one' 
nearest  the  mark.  . 

6.  Sometimes  the  high  spot  on  the  work 
will  be  located  between  adjacent  jaws.  In  that 
case,  loc^n  the  two  opposite  jaws  and  tighten 
the  jaws  adjacent  to  the  high  spot, 

3-4|\W  UNIVERSAL  CKUCK.-The  3-jaw 
universal  or  scroll  chuck  is  made  so  that  all  jaws 
move  together  in  imison.'  A  universal  chuck  will 
center  almost  exactly  at  the  first  clamping;  but 
after  a  pjeriod  of  use  it  is  npt  uncommon  to  find 
inaccuracies  of  up  to  0.010  inch  in  centering  the 
work,  and  consequently  the  runout  of  the  work 
mttst  be  corrected.  Sometimes  this  may  be  done 
by  inserting  a  piece  of  paper  or  thin  shim  stock 
bctw-ecn  the  jaw  and  the  work  on  the  high  side. 

After  you  have  done  the  portioning  in  a 
chuck,  be  sure  to  tighten  all  the  screvra  so  that 
each  jaw  is  tii^t  agi^nst  the  piece  to  prevent  it 
from  sUpping  when  being  cuf  .'^ -5^ 

When  chucking  thin  sections,  be  careful  not 
to  clamp  the  work  too  tightly  because  the 


CLEAN  AND  OIL  THE  THREADS  OF  THE 
CHUCK  AND  THE  SiPINDLE  NOSE.-Dirt  or 
chips  on  the  tlireads  vsdll  not  allow  the  chuck  to 
run  true  when  it  is  screwed  up  to  the  shoulder. 
Screw  the  chuck  on  carefully.  Avoid  bringing  it 
up  against  the  shoulder  so  fast  that  the  chuck 
comes  up  with  a  shock,  since  this  wall  strain  the 
spindle  and  the  threads  and  make  removal 
^fficult.  Never  me  mechanical  power  in 
screwing  on  the  chuck.  Rotate  the  spindle  with 
the  left  hand  while  holding  the  chuck  in  the 
hollow  of  the  right  arm. 

To  remove  a  smaU  chuck,  place  an  adjustable 
jaw  wrench  oh  one  of  the  jaws  and  start  it  by  a 
smart  blow  with  the  hand  on  the  handle  of  the 
wrench.  To  remove  a  heavy .  chuck,  rotate  it 
against  a  block  of  .  wood  held  between  a  jaw  and 
the  lathe  bed.  When  mcHuiting  or  removing  a 
heavy  chuck,  lay  a  board  across  the  bed  ways  to 
protect  therti;  tiie  board  wiU  serve  as  a  support 
for  the  chuck  as  it  is  put  on  or  taken  off. 

The  above  comments  m  mounting  and 
removing  chucks  also  apply  to  faceplates. 

Holding  Work  on  a  Faceplate 

A  faceplate  is  used  for  mounting  work  which 
cannot  be^  chucked  or  turned  between  centers. 
This  may  occur  because  of  the  peduiiar  shape  of 
the  work.  A  faceplate  may  us^lid  when  holes 
are  to  be  accurately  machit^eid  in  flat  work  or 
when  large  and  irregularly  shaped  work  is  to  be 
faced  on  the  lathe. 
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Work  is  secured  to  the  faceplate  by  bolts, 
damps,  or  any  suitable  damping  means.  The 
"holes  and  slots  in  the  faceplate  axe  used  for 
anchoring  the  holding  bolte.  Angle  plates  may  be 
used  to  ipresent  the  work  at  the  desired  angle,  as 
siiown  in  figure  21-23.'Note  the  counterwelibt 
added  for  balance. 

For  work  to  be  Inounted  accurately  on  a 
faceplate,  the  surfac^  oC  the  work  in  contact 
with  the  faceplate  must  be  accurately  faced.  It  is 
good  practice  to  place  a  piece  of  paper  between 
the  work  and  the,  faceplate  to  prevent  slipping. 

•  Before  securely  clamping  the  work,  you 
must  'move  it  about  on  the  surface  of  the 
faceplate  until  the  point  to  be  machined  is 
centered  accurately  over  the  axis  of  the  lathe, 
^ppfwe  you  wish  to  bore  a  hole,  the  center  of 
which  has  been  laid  out  and  marked  with' a  prick 
punch.  First,  clamp  the  work  to  the 
approximate  position  on  the  faceplate.  Slide  the 
tailstock  up  until  the  dead  center  just  touches 
the  work.  (Note:.  The  dead  center  should  have  a 
sharp,  true  point.)  Now  re.volve  the  woric  slo^vly; 
if  the  work  is  off  center,  the  point  will  scribe  a 
circle  on  the  work.  If  the  work  is  on  center,  the 


point  of  the  dead  center  will  coincide  with  the 
prick  punch  mark. 

Uang  the  Center  Rest 

and  Follower  Rest 

.•  ■  ■  .  » 

lii  addition  to  being  supported  at  the  ends 
by  the  lathe  centers,  long  slender  work  often 
requires  support  between  ends  while  being 
turned;  otherwise  the  work  will  spring  away 
from  the  tool  and  chatter.  The  center  rest  is 
used  to  support  such  work  so  it  can  be 
accurately  turned  with  a  faster  feed  and  cutting 

,  speed  than  w<HUd  be  possible  without  it. 

The  center  rest  should  be  placed  where  it 
will  give  the  greatest  support  to  the  piece  to  be 
turned.  This  is  usually  at  about  the  middle  of  its 

.  length. 

Ensure  that  the  center  point  between  the 
jaws  of  the  center  rest  coinddes  exactly  with  the 
axis  of  the  lathe,  spindle.  To  do  this,  place  a 
short  piece  of  stock  in  a  chuck  and  machine  it  to 
the  diameter  of  the  workpicce  to  be  supported. 
Without  removing  the  stock  from  the  chuck, 
clamp  the  center  rest  on  the  ways  of  the  lathe 
and  adjust  the  jaws  to  the  machined  Surface. 
Without  changing  the  jaw  settings,  slide  the 
center  rest  into  position  to  support  the 
workpiece.  Remove  the  stock  used  for  setting 
the  center  rest  and  set  the  workpiece  in  place. 
-Use  a  dial  indicator  to  true  the  workpiece  at  the 
chuck.  Figure  21-24  shows  how  a  chuck  and 
center  rest  are  used  for  machining  the  end  of  a 
workpiece.  . 

The  follower  rest  differs  from  the  center  rest 
in  that  it  ,  moves  with  the  carriage  and  provides 
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support  a^iinst  the  forces  of  the  cut  only.  Set 
the  tool  to  the  diameter  selected,  and  turn  a 
."spot**  about  5/8  to  3/4  inch  wide.  Then  adjust 
the  follower  rest  Jaws  to  the  finished  diameter  to 
follow  the  tool  along  the  entire  length  to  be 
turned. 

Use  a  thick  oil  on  the  jaws  of  the  center  rest 
and  follower  rest  to  prevent  **seizing*'  and 
scoring  the  workpiece.  Check  the  jaws 
frequently  to  see  that  they  do  not  become  hot. 
The  jaws  may  expand  slightly  if  they  get  hot, 
pushing  the  work  out  of  al^nment  (when  using 
the  foUower  rest)  or  binding  (when  using  the 
center  rest). 


HQlduig  Work  in 
Draw-In  Collet  Chuck 


The  draw-in  collet  chuck  is  used  for  vejy 
fine"  accurate  work  of  small  dimeter.  Long  work 
can  be  passed  through  the  hollow  drtn*(^^»_a|id 
short  work  can  be  placed  directly  into  the  coUet 
from  the  front;  The  collet  is  tightened  on  the 
work  by  rotating  the  drawbar  to  the  right;  this 
draws  the  collet  into  the  tapered  closing  sleeve, 
-The  opposite  operation  releases  the  collet. 

Accurate  results  are  obtained  when  the 
diameter  ofHhe  work  is  exactly ^the  same  size  as 
the  dimension  stamped  on  the  collet.  In  some 
cases,  the  diameter  may  vary  as  much  as  0.002 
inch;  that  is,  the  work  may  be  0-00 1  inch 
smaller  or  ht^i  than  the  collet  size.  If  the  wgrk 
diameter  varies  more  than  this,  it  will  impair  the 
accuracy  and  efficiency  of  .tiie  collet.  That  is 
Why  a  separate  collet  should  be  used  for  each 
small  variation  or  work  diameter,  especially  if 
precision  is  desired. 


FACING 

Facing  is  the  machining  of  the  end  surfaces 
and  shoiilders  of  a  woikpiepe.  In  addition  to 
squaring  the  ends  of  the  work,  facing  provides  a 
means  of  accurately  cutting  the  work  to  length. 
Generally,  in  facing  the  workpiece,  only  light 
cuts  ai^  required  as  the  work  will  have  been  cut 
to  approximate  length  or  rough  machined  to  the 
shoulder. 

Fi»ire  21-25  shows  the  method  of  ttcing  a 
cylinjirical  piece.  The  work  is  placed  on  WiJers 
andjOriven  by  a  dog.  A  right-hand  ade  tool  is 
usea  as  shown.  Take  a  light  cut  on  the  end  Of 
the  Vork,  feeding  the  tool  (by  hand  crossfeed) 
Trom  the  center  toward  the  outside.  Take  one  or 
two  chips  to  remove  enough  stock  to  true  the 
work.  Then  place  the  dog  on  the  other  end  of 
the  work  and  face  it  to  the  proper  length.  To 
provide  an  accurate  base  firom  which  to  measure, 
hoid,another  rule  or  str;aightedge  on  the  end  that 
has  just  been  faced.  Be  sure  there  is  no  fin  or 
burr  on  the  edge  to  keep  the  strai^tedge  from 
bearing  accurately  on  the  finished  end.  Use  a 
sharp  scriber  to  mark  off  the  dim ensidlT desired. 

Figure  21-26  shows  the  application  of  a 
turning  tool  in  finishing  a  shouldered  job  having 
a  fillet  comer.  Take  a  finish  cut  on  the  small 
diameter.  Machine  the  fillet  with  a  light  ^ut; 
then  use  the  tool  to  face  from  the  fillet  to  the 
outside  of  the  work. 

In  facing  laige  surfaces,  lock  the  carria^  in 
position,  since  only  crossfeed  is  required  to 
transverse  the  tool  across  the  work.  With  the 
compound  rest  set  at  90"^  (parallel  to  the  axis  of 
the  lathe),  you  can  use  the  micrometer  collar  to 
feed  the  tool  to  the  proper  depth  of  cut  in  the 
face. 


MACHINING  OPERATIONS 

Up  to  this  point,  you  have  studied  the 
preliminary  steps  leading  to  the  performance  of 
machine  work  in 'the  lathe.  You  have  learned 
how  to  mount  the  work  and  the  tool  and  which 
tools  are  used  for  various  purp^^ses.  Now,  you 
need  to  consider  the  method  of  using  the  proper 
tools  in  combination  with  the  lathe  to  perform 
various  machining  operations.  ' 
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TURNING  " 

^Turning  is  the  machiiung  of  exc^  stock 
from  the  periphery  of  the  workpiece  to  reduce 
the  diameter.  In  most  latiie*  machining 
operations  requiring  removal  of  large  amounts  of 
stock,  a  series  of  rou^ng  cuts  \s  taken  to 
remove  most  of  the  excess  stock;  then  a 
finishing  cut  is  taken  to  accurately  **size"  the 
workpiece. 

Rou^  Turning 

When  a  ^at  jdeal  of  stock  is  to  be  removed, 
you  should  take  heavy  cuts  to  complete  the  job 
in  the  least  possible  time.  This  is  caile4  rough 
turning. 

Select  the  proper  tool  for  takirig  a  heavy 
chip.  The  speed  of  the  woxk  and  the  amcnmt  of 
feed  of  the  tool  should  be  as  great  as  the  tool 
wUI  stand. 

When  taking  a  roughing  cut  on  steel,  cast 
iron,  or  any  other  metal  that  has  a  scale  upon  its- 
surface,  be  sure  to  set  the  tool  deep  enough  to 
get  undfer  the  scale  in  the  first  cut.  Unless  you 
do»  the  scale  on  the  metal  will  dull  or  break  the 
point  of  the  tool 

'Rough  machine  the  work  to  almost  the 
finished  aze;  th^  take  careful  m^easurements. 

Bear  in  mind  that  the  diameter  of  the  work 
being  tum#lis  reduced  by  an  amount  equal  to 
twice  tire  depth  of  the  cut;  thus,  if  you  desire  to 
reduce  the  diameter  of  a  piece  by  1/4  inch,  you 
mutt  remove  1/8  inch  of  metal  from  the  surface. 


r 


Figure  21-27  shows  the  position  of  the  tool 
for  taking  a  heavy  cut  on  lar^  work.  Set  the 
tool  so  that,  if  anything  occurs  wliile  machining 
to  change  the  position  of  the  tool,  it  will  not  dig 
into  the  work,  but  rather  it  will  move  in  the 
direction  of  the  arrow— away  from  the  Worki 

Finish  Tuijung 

When  the  work  has  been  rough  turned  to 
within  about  1/32  inch  of  the  fimshed  size,  take 
a  finishing  cut.  A  fine  feed,  thp  proper  lubricant, 
and  above  all  a  keen-edged  tool  are  necessary  to 
produce  a  smooth  finish.  Measure  carefully  to  be 
sure  that  you  are  machining  the  work  to  the 
proper  dimension.  Stop  the  lathe  when 
measuni^g. 

Where  very  close  limits  are  to  be  held,  be 
sure  the  'work  is  not  hot  when  you  take  the 
finish  cut.  Cooling  of  the  piece  will  leave  it 
undersized  if  it  has  been  turned  to  the  exact 
size. 

Perhaps  the  most  difficult  operation  for  a 
beginner  in  machine  work  is  to  make  accurate 
measurements.  So  much  depends  on  the 
accuracy  of  the  work  that  you  should  make 
every  effort  to. become  profident  in  the  use  of 
measuring  instruments.  A  certain  "feel''  in  the 
application  of  micrometers  is  developed  through 
exp^ence  alone;  do  not  be  discouraged  if  your 
first  efforts  do  not  produce  perfect  resulte. 
Practice  taking  micrometer  measurements  on 
pieqes  of  known  dimensions.  You  will  acquire 
skill  if  you  are  persistent.  . 
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Turning  to  a  Shoulder 

• 

Machining  to  a  shoulder  is  often  done  by 
locating  the  shoulder  with  a  parting  tool.  Insert 
«the  parting  tool  about  1/32  inch  back  of  the 
shoulder  line;  it  will  enter  the  work  within  1/32 
inch  of  the  smaller  diameter  of  ^e  work.  Then 
machine  the  stock  by  taking  heavy  chips  up  to 
the  shoulder  thus  made.  ShouMering  eliminates 
detailed  measuring  and  speeds  up  production. 

Figure  21-28  illustrates  the  method  of 
shouldering.  A  parting  tool  has  been  used  at  P 
and  the  turning  tool  is  taking  a  chip.  It  will  be 
unnecessary  to  waste  any  time  in  taking 
measurements.  You  can  devote  your  time  to 
rou^  machining  until  the  necessary  stock  is 
removed.  Then  you  can  take  <a  finishing  ciit  to 
accurate  measurement. 

Boring 

Boring  is  the  machining  of  lioles  or  any 
interior  cylii^rical  surface.  The  piece  to  be 
bored  mu^^ve  a  drilled  or  cored  hole,  and  the 
hole  mu^be  lar^  enough  to  insert  the  tool.  The 
boring  process  merely  enlarges  the  hole' to  the 
desired  size  or  shape.  The  advantage  of  boring  is  . 
that  a  perfectly  true  round  hole  is  obtained,  and 
.two  or  more  hales  of  the  same  or  different 
diameters  may  be  bored  at  one  setting,  thus 
ensuring  absolute  alignment  of  the  axis-of  the 
holes. 

It  is  the  usual  practice,  to  bore  a  hole  to 
within  a  few  thousandths  of  an  inch  of  the 
desired  size  and  then  finish  it  with  a  reamer  to 
the  exact  si^e. 


Work  to  be  bored  may  be  held  in  a  chuck, 
bolted  to  the  faceplate,  or  bolted  to,  the  carriage. 
Long  pieces  must  be  supported  at  the  free  end  in 
a  center  rest. 

When  the  boring  tool  is  fed  into  the  hole  in 
work  being  rotated  on  a  chuck  or  faceplate,  the 
process  is  called  single  point  boring.  It  is  the 
same  as  turning  except  that  the  cutting  chip  is 
taken  from  the  inside.  The  cutting  edge  of  the 
boring  tool  resembles  that  of  a  turning  tool. 
Boring  tools  may  be  the  solid  forged  type  or  the 
inserted  cutter  ^)it  type. 

When  the  work  to  1>e  bored  is  clamped  to 
the  top  of  the  carriage,  a  boring  bar  is  Held 
between  centers  and  driven  by  a  dog.  The  work 
is  fed  to  the  tool  by  the  automatic  longitudinal 
feed  of  the  carriage.  Three  types  of  boring  bars 
^  are  shown  in  figure  21-29.  Note  the  countersunk 
*  center  holes  at.  the  ends  to  fit  the  lathe  centers. 

Figure  21-29  (A)  shows  a  boring  bar  fitted 
with  a  fly  cutter  held  by  a  headless  setscrew. 
The  other  setscrew,  bearing  on  the  end  of  the 
cutter,  is  for  ackusting  the  cutter  to  the  work. 

Figure  21-2v  (B)  shows  a  baring  bar  fitted 
with  a  two-edged  cutter  held  by  a  taper  key. 
This  is  more  of  a  finishing  or  sizing  cutter,"  as  it 
cuts  on  both  sides  and  is  used  for  production 
work. 

the  #oring  b'ar  ^own  in  figure  21-29  (C)  is 
fitted  with  a  cast-iron  head  to  adapt  it  for  boring 
work  of  large  diameter.  The  head  is  fitted, with  a 
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fly  cutter  isiniilar  to  the  one  shown  in  part  A  of 
figure  21-29.  The  setscrew  'with  thOapered 
Jpoint  adjusts  the  cutter  to  the  work.  . 


TAPERS 


The  term  "taper"  may  be  defined  as  the 
gradu^  lessening  of  the  diameter  or  thickness  of\ 
a  piece  of  work  toward  one  end.  The  amount  of 
taper  in  any  given  length  of  work  is  found  by 
subtracting  the  size  of  the  small  end  from  the 
size  of  the  large  end.  Taper  is  usually  expre^d 
•as  the  amount  of  taper  per  foot  ctf  length,  or  as 
an  angle. 

We  will  take  two  examples  as  an  illustration. 

Example  l.-Find  the  taper  per  foot  of  a 
piece  of  work  2  inches  long:  Diameter  of  small 
end  is  I  inch;  diameter  of  the  large  end  is, 2 
ir^es. 

The  amount  of  taper  is  2  inches  minus  1 
mch,  which  equals  1  inch.  Hie  length  of  the 
taper  is  given  as  2  inches.  Thers^ce,  the  taper  is 
1  inch  in  2  inches4l^  length.  In  1 2  inches  of 
length  it  would  be  6  inches.  (See  fig.  21-30.) 


.a 
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Figurt  21-30.-T^n. 


Example  2.— Find  the  taper  per  foot  of  a 
piece  6  inches  long.  Diameter  of  small  end  is  1 
inch;  diameter  of  large  end  is  2  inches.  ' 

The  ainount  of  taper  is  the  same  as  in 
problem  1 ,  that  is,  I  inch.  However,  the  length 
of  this  taper  is  6  inches;  hence  the  taper  per  fo9t 
is  1  inch  -X  12/6=2  inches  per  foot  (fig 


per  toot 
;.21-30). 


From  the  foregoing,  you.,see  that  the  length 
of  a  tapered  pi^ce  is  very  important  in 
computing  the  taper.  If  you  bear  this  in  mind 
when  machining  tapers,  .you  will  not  go  wrong. 
Using  the  formula: 


Taper  per  foot  =  T  X 


12 


where  T,  represents  the  amount  of  taper  in 
length  Li  both  expressed  in  inches. 

■  Now  let  us  consider  the  angle  of  the  taper. 
In  a  round  piece  of  work,  the  included  angle  of 
the  taper  is  twice  the  angle  that  the  surface 
makes  with  the  axis  or  centerline.  In  straigjit 
turning,  recall  that  the  diameter  of  a  piece  is 
reduced  by  twice  the  depth  of  the  cut  taken 
from  its  surface.  For  the  sam^  reaajg,  the 
included  angle  of  the  taper  is  twice  the  angle 
that 'the  path  of  the  cutting  tool  mak^s  with  the 
axis  or  centerline  of  the  piece  being  turned. 
There  are  tables  or  charts  in  all  machinist's 
handbooks  that  give  the  angles  for  different 
amounts  of  taper  per  foot. 

There  are  three  standard  tapers,  with  which 
you  should  be  familiar:  / 

1.  TM  MORSE  TAPER  (approximately 
5/8  inch  per  foot)  is  used  for  the  taper  holes  in 
lathe  and  drill  p/ess  spindles  and  the 
attachments  that  fit  them,  such  as  lathe  centers, 
drill  shanks,  etc. 

2.  The  BROWN  &  SHARPE  TAPER  (1/2 
inch  per  foot  except  No.  10  which  is  0.5161 
inch  per  foot)  is  used  for  milling  machine 
spindly  shanks. 

3.  The  JARNO  TAPER  (0.6,.mch  per  foot)* 
is  used  by  some  manufacturers  because  of  its 
simplicity,  it  being  the  only  taper  that  is 
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constant  and  docs  not  require  a  table  to  find  the 
various  dimensions  pertaining  to  its  parts;  e,g. 


Diameter  of  laige  end  =  .^^P^^»""^^^ 

Diameter  of  small  end  =^  ^P^[q"^^^ 
l,ngthofta.per  =  lB£^^ 


The  taper  for  pipe  ends,  3/4  inch  per  foot,  is 
also  considered  a  standard. 

Tuming^Tapers 

In  ordinary  straight  turning,  the  cutting  tool 
moves  along  a  line  parallel  to  the  axis  of  the 
work,  causing  the  finished  job  to  be  the  same 
diameter  throughout.  If,  however,  in  cutting,  the 
tool  moves  at  an  angle  to  the  axis' of  the  work,  a 
ta|>^  will  be  produced.  Therefbre,^  to  turn  a 
taper,  you-  must  mount  the  wor|c  in  the  lathe  so 
the  axis  upon  which  it  turns isat  an  angle  to  the 
a^  of  the  lathe,  or  cause  tne'Ttitting  tool  to 
move  at  an  angle  to  the  axis  of  the  lajthe. 

There  are  three  methods  in  common  use  for 
turning  tapers:  ' 

1.  Setting  over  the  tailstock,  which  moves 
the  dead  center  away  from  the  axis  of  the  lathe 
and  iCauses  work  supported  between  centers  to 
be  at  an  angle  with  the  axis  of  the}  lathe. 

2.  Using  the  compound  rest  set  at  an  angle 
and  causing  the  cutting  tool  to  be  fed  at  the 
desired  angle  to  the  axis  of  the  lathe* 

3.  Using  tilie  taper  attachment,  which  also 
causes  the  cutting  tool  to  move  at  an  angle  to 
.the  axis  of  the  lathe. 


the  first  method,  the  cutting  tool  is  fed 
by  tli^^longitudinal  feed  parallel  to  the  lathe 
axis,  bu^.a  taper  is  produced  because  the  work 
axis  is  et\^  angle.  In  the  second  and  third 
methods,  th6v  work  axis  ccdncides  with  the  lathe 
,^axis,  but  a  tai^r  is  product  because  the  cutting 
tool  ffioves  at  art. angle. 

'      ■  ^ 

SETTING  OVER  THE  TAILSTOCK.-the 
tailstock  top  may  be  moved  laterally  on  its  base 


by  means  of  adjusting  screws.  In  straight 
tutniitg,  you  will  recall  that  thes^  adjusting 
screws^  were  Used  to  align  the  dead  center  with 
the  tail  center  by  moving  the  tailstock  ^to  bring  it 
on  the  centerline.  For  taper  .turfting,  you 
deliberately  move  the  tailstock  off-c^ter,  and 
the  amcnmt  you  move  it  determines  the  taper 
produced*  The  amcnmt  of  setover  can  be 
approximately  set  by  means  of  the  zero  lines 
inscribed  on  the  base  and  top  of  the  tailstock  as 
shown  in  figure  21-31,  - 

In  turning  a  taper  by  this  method,  the 
distance  between  centers  is  of  utmost 
importance;  To  illustrate,  figure  21-32  shows 
two  very  different  tapers  i^roduced  by  the  same 
amount  of^  setover  of  the  tailstock,  because  in 
one  case  the  length^f  the  work  between  cent^ 
is  greater  than  in  the  other.  THE  CLOSER  THE 
DEAD  CENTER  IS  TO  THE  LIVE  CENTER, 
THE  STEEPER  THE  TAPER  PRODUCED. 

Suppose  you  want  to  turn  a  taper  on  the  full 
length  of  a  piece  12  inches  long  with  one  end 
having  a  diameter  of  3  inches  and  the  other  end 
a  diameter  of  2  inches.  The  small  end  is  to  be  1 


/ . 


Figurt  21-31. -Tailttoc^  MtoMr  for  tafMir  tum^g. 


Fhiure  21«32.-S«toirtf  of  taiittock  showing 
of  coniklering  Imgth  of  work.  / 


/28.141X 


ERIC 


501 


/ 


ENGINEMAN  3  &  2 


inch  smaller  th^  the  large  end;  so  you  set  the 
tailstock  over  one-half  this  anjount  or  1/2  inch. 
Thus,  at  one  end  the  cutting  $ool  wiU  be  1/2 
inch  closer  to  the  center  of  the  woric  than  at  the 
,  other  end;  so  the  diameter  of  the  finished  job 
will  be  2  X  1/2  or  1  inch  less  at  the  small  end. 
Since  the  piece  is  12  inches  long,  you,  have 
produced  a  taper  of  1  inch  per  foot.  Now,  if  you 
wish  to  produce  a  taper  of  I.  inch  per  foot  on  a 
piece  only  6  inches  long,  the  small  end  would  be 
only  1/2  inch  less  in  diameter  than  the  la^e  end, 
so  you  would  set  the  tailstock  over  1/4  inch  or 
onfr-half  of  the  distance  used  for  the  1 2-inch 
length. 

From  the  fore^ing,  you  can  see  that  the 
sctover  is  proportional  to  the  length  between 
-centers  ahd  ^Hay  be  computed  by  the  following 
formula: 

where  S  =.setover  in  inches,  T  ==  taper  per  foot  in 
inches,  and  L  ^  'i  2  -  length  in  fifl|^ 

Remember  that  L  is  length  of^ork  from  live 
center  to  dead  center.  If  the  work  is  on  a 
mandrel,  L  is  the  length  of  the  mandrel  between 
center. 

The  setovcr  tailstock  method  cannot  be  used 
for  steep  tapers  because  the  setover  necessary 
would  be  too  great  and  the  work  would  not  be 
properly  supported  by  the  lathe  centers.  It  is 
obvious  that  with  setover  there  is  not  a  true 
bearing  between  the  points  of  work  centers  and 
the  lathe  centlh  and  that  the  bearing  surface 
becomes  less  and  less  satisfactory  as  the  setover 
is  increased. 

Aftet  turning  a  taper  by  the  tailstock  setover 
method,  realign  the  centers  for  straight  turning 
for  your  next  job. 

USING  THE  COMPOUND  REST.-The 
C(^pound  rest  is  generally  used  for  shorty  steep 
tapers.  It  is  set  at  the  ^gle  which  the  taper  is  to 
make  with  the  centeriine  (that*  is,  half  the 
included  angle  of  the  taper).  The  tool  is  then  fed 
to  the  work  at  this  angle  by  means  of  the 
compound  rest  feed  s«cvJ^.  Tlie  lengtii  of  t^per 
that  can  be  machined  is  necessarily  jihort 
because  of  limited  travel  of  the  compound  rest 
top. 


.  Truing  a  lathe  center  is  one  example  of  the 
use  of  the  compound  rest  for  t^>er  work.  Other 
examples  are  refadng  an  aiigle  type  valve -disk, 
machining  the  face  Of  a  bevel  ^ar,  and  similar 
work.  Such  jobs  are  often  referred  to  as  working 
to  an  angle  rather  than  as  taper  work. 

The  gr^uations  marked  on  the  compound 
rest  provide  a  quick  means  lor  setting  to  the 
angle  desu^d.  When  set  at  zero,  the  compound 
rest  is  perpendicular  to  the  lathe  axis.  When  set 
at  90*^  on  either  side,'  the  compound  rest  is 
parallel  to  the  lathe  axis. 

On  the  other  hand,  when  the  angle  to  be  cut 
is  measured  from  the  centeriine,  the  setting  of 
the  compound  rest  corresponds  to  the 
complement  of  that  angle;  (The  complement  of 
an  angle  is  that  aiigle  which  added  to  it  makes  a 
right  angle;  th^t  is, "angle, plCis  complement  = 
90''%  For  example,  to  machine  a  SOl^  include4 
angle  (25"^  angle  with  centeriine),  the  compound 
.  restissetat90'^-25^or65^ 
\  When  a  very  accurate  setting  of  the 
compound  rest  is  to  be  made  to  a-  fraction  of  a 
d^(jgree,  for  example,  run  the  carriage  up  to  the 
fadeplate  and  set  the  compound  rest  with  a 
veriiier  .  bevel  protractor  set  to  the  required 
angle.  Hold  the  blade  of  the  protractor  on  the 
flat;  surface  of  the  faceplate  and  hold  the  stock 
a^inst  the  finished  side  of  the  compound  rest. 

USING  THE  TAPER  ATTACHMENT,-For 
turning  and  boring  long  tapers  with  accuracy, 
the  taper  attachment  is  indispensable.  It 
especially  useful  in  duplicating  work;  ideni 
tapers  can  be  turned  and  bored  with  one  sejl 
of  the  taper  guide  bar. 

Set  the  guide  bar  at  an  angle  to  the  lathe  axis 
corresponding  to  the  taper  desired.  The  tool 
cros^dide  moves  laterally  by  means  of  ^a  shoe 
which  slides  on  the  guide  bar  as  the  carriage 
moves  longitudinally.  As  a  result,  the  cutting 
tool  moves  along  a  line  parallel  to  the  guide  bar, 
and  produces  a  taper  whose  angular 
measurement  is  the  same  as  that  set  on  the  guide 
bar.  The  guide  bar  is  gradiiated  in  degrees  at  one  ', 
end  and  in  inches  per  foot  of  taper  at  the  other 
end  to  facilitate  rapid  setting.  - 

When  preparing  to  use  the  taper  attachment, 
run  the  carriage  up  to  the  approximate  position 
of  the  work  to  be  turned.  Set  the  tool  6n  line 
with  the  genters  of  the  lathe.  Then  bolt  or  clamp 
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the  holding  bracket  to  the  ways  of  the  bed  (the 
attachment  itself  is  bolted  tp  the  back  of  the 
carriage  saddle)  and  tighten  clamp  C  (figure. 
21-33).  The  taper  guide  bar  riow  controls  the 
lateral  movement  of  the"  croi^s-slide.  S^t  the 
guide   bar  for  the  tapeir  desired,  and  the 

♦  attachment  is  ready  for  operation.  The  final 
'  ^^a^justment  of  the  tbol  for  size  must  be  jnade  by 

means  of  the  compound  rest  feed  screw,  since 
the  cr<5ssfeed  ^rew  is  inoperative. 

Taper  Boring 

Taper  boring  n\sy  be  accomplished  only  by 
using  the  'compound  rest  or  the  taper 
attachment. 

The  rules  tha^lapply  to  outside  taper  turfting 
also  apply  to  the  boring  of  tapered  holes.  Place  ^ 
the  cutting  poiitl  >of  the  tool  on  center  and,  if 
you  use  the  tapjer  attachment,  be  very  careful  to 
eliminate  the ,  ^acklash  of  the  slide  fittings  so 
that  the  hole '^11  not  be  bored  st^aigfit  at' the 
^    -start.  Measurement  of  the  si^  and  taper  of  the 

•  hole  is  generally  made  with  a  taper  plug  gage  by 
the  cut  and  Iry^method.  After  taking  a  cut  or 
two,  clean  the  bore,  rub  the  gage  lightly  with  * 

•pmssian  blue  inserted  in  tKe  hole,  and  twist 
slightly  to  cause  the  prussian  blue  to  show  where 
the   gage    is  ,  bearing. -  Make  any  necessary 
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cprrections  and  continue  the-  boring  until  the 
taj)er  is  brought  to  sdze.  ^ 

To  make  a  blind  tapered  hole,  such  as  may 
be  required  in  drill  sockets,  it  is  best  to  drill  the 
hole  carefully  to  the  correct  depth  vdth  a  drill  of 
the  s^e  size  as  specified  for  the  ^all  end  of 
th0  hole.  This  giv^  th^  advantage /of  boring  to 
the.  right  size  without:-rem wing , metal  at  the 
extreme  bottom  of  the  bore,  whith  is  rather 
difficult,  particularty  jfl  sm^,  deep  noles- 

I^or  turning  ^and  boring  tape^f  set  the  tool 
cutting  edge  exactly  at  the  csfltw  of  the  work. 
Thkt  Is,  set  the  point  of  th^  cutting  edge  even 
with  the  height  of  the  lathe  centers. 

To  test  the  taper  on  a  nearly  finished  piece 
^  of  work  that  is  to  0t  a  spindle,  use  Prussian  blue 
^along  the  element  or  side  of  the  taper  piece. 
Place,  the  work  in  the  taper  hole  it  is  to  fit  and 
turn  carefully  by  hand.  Then  remove  the  work 
and  the  prussian  blue  mark  will  show  whkiQ  the 
taper  is  bearing.  If  it  is  a  perfect  fit,  it  vidll 
indicate  along  the  entire  line  of  the  prussian  bhie 
.  mark.  If  it  is  not,  it  *  will  show  where  the 
adjustment'is  needed.  Make  the  adjustment,  take 
another  light  chip  and  test  again.  Be  sure  the 
taper  is  correct  before  turning  to  the  finished 
diameter,' 

Figuje  21-34  showB  a  Morse  standard  taper 
plug  and  a  tap^r  socket  gage.  They  not  only  give 
the  proper  distance  that  the  taper  should  enter 
the  spindle,  but  also  show  the  proper  distance 
that  the  taper  should  enter  the  spindle. 

SAFETY  PRECAUTIONS 

In  machining  operations,  safety  must  always 
be  kept  in  mind,  no  matter  how  important  the 
job  is  or  how  well  you  know  the  machine  yon 
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are  opciiting.  List^  bclow^are  some  safety 
'  precautions  that  you  MUST  follow: 

L  Before  starting  any  lathe  operations, 
always  prepare  yourself  by  rolling  up  shirt 
sleeves  and  removing  watches,  rings  and  other 
jewelry  that  .mi^t  become  caught  while 
operating  the  machine. 

2.  Wear  goggles  or  an  approved  face  shield 
at  all  times  when  operating  a  lathe  or  when  in 
the  area  of  a  lathe  that  is  being  operated. 

3.  Be  sure  the  work  area  is  <jear  of 
obstructions  that  you  mi^t  faU  or  trip  over. 

4. '  Keep  the  area  around  your  machine  clear 
of  oil  or  grease  on  the  deck  to  prevent  the 
possibility  of  slipping  or  failing  into  the 
niachine.     ;  \ 

5.  Always  use  assistance  when  handling 
large  pieces  of  work  on  large  chucks. 


6.  NEVER  remove  chips  with  your  bare 
hands.  Use  a  stick  or  brush,  and  always  stop  the 
machine.  - 

7.  Always  secure  power  to  the  machine 
when  taking  measurements  or  making 
^jostments  to  the  cJiuck. 

8.  Be^  attentive,  not  only  to  the  operation 
of  your  machine,  but  also  to  events  going  on 
around  it.  Skylarking  should  NEVER  be 
permitted  in  the  area.  *  -  . 

9.  Should  it  become^  necessaj^^  tg  operate 
the  lathe  while  underway,  be  especially  safety 
conscious.  (Machines  should  be  operated  ONLY 

,  in'relativdy  calm  seas.)^  - 

10.  Be  alert  to  the  location  of  the  cutting 
tool  while  taking  measurements  or  making 
adjustments. 

11.  Always  observe  the  spedfic  safety 
precautions  posted  for  the  machine  you  are 
operating. 
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GLOSSARY 


ABSOLUTE  PRESSURE:  Actual  pressure 
(includes  atmosphexic  pressare). 

-  ABSOLUTE    TEMPERATURE:  The 
'temperature  measured  using  absolute  zero  as  a 
reference.   Absoiiite   zero  is  -273.16^C  or 
.-459.69^  F.  ' 

ABT  (automatic  bus  tian^e?):  An  automatic 
etecttical  device  tijat  sipplies  power  to  vital 
cquipment^This  device  will  shift,  fiom  the 
n<»i»al  power  supply  to  an  alternate  pow« 
^supply  anytime  the  normal  supply  is 
intemipted.  -  ,  ^ 


Time  rate  of  change  in 


acc:eleration: 

velocity. 

ACCESSORr  DRIVE:  A  drive  consisting  Of 
gears,  chains,  or  belts  of  secondary  importance, 
not  essential  -in  itself  but  essentiai  f6r  the 
operation  of  engine  accessori^  (fuel  pump, 
water  pump,  etc>.  . 

ACCUMULATORr  A  device  for  storiiig 
liquid  under  pressure,  usually  consisting  of  a 
chamber  separated  into  a  gas  compartmeit  and  a 
li<iuid  compartment  by  a  piston  or  diaphragm. 
An  accumulator  also  serves  to  smooth  cftit 
pressurTsurges^'a  hydraulic  system. 

ACETYLENE:  A  gas  that  is  chemically 
produced  from  caldum  carbide  and  water,  Msed 
for  welding  and  cutting.. 

ACTUATOR:  A  device  that  converts  fluid 


pow^r^to  mechanical  force  ^d^notion 


AJbiDtTIVE:  Atdbemica!  compound  added  to 
a  fluid  to  change  the  properties  of  the  fluid. 


AFrER(XX)l^R:  (1)  A  device  which  cools 
a  gas  after  it  has  been  compressed.  (2)  A 
terminal  heat-transfer  unit  after  the  last  st^e. 

AIR  bIeEDER:  Adevice'used  to  remove  air 
from  a  hydraulic  system.  It  may  be  a  needle^ 
valve,  capaiary  tubing  to  the  resew^oir,  or  a  bleed 
plug.  .  , 

AIR   CHAMBER:   A   chamber,  usually 
bulb-shaped,  on  the  suction  and  discharge  sides 
,  9f  a  pump.  Air  in  the  chamber  acts  as  a  cushion 
and  prevents  sudden  shocks  to  tlie  pump. 

AIR  EJECTOR:  A  jet  pump  that  removes  air 
and  n6n(x>ndeiisable  gases. 

AIR  REGISTER:  A  device  in  the  casing  of  a 
boiler  which  regulates  the  mount  of  air  for 
combustion  ahd  provides  a  circular  motion  to 
the  air. 

.  ALIGNED  SECTION:  A  section  view  in 
which  some  internal  features  are  revoh^ed  into  or 
out  of  the-  plane  of  the  view.  ^ 

ALLOY:  Any  compdsite  metal  produced  by 
the  mixing  of  two  or  more  metal^  or  elements.  ^ 

'  ALTERNATING  CURRENT  (a.c.):  Current 
that  is  .  cohstantl:^  changing  in  Valud  and 
direction  at  regularly  recurring  intervals,  ; 

•    Ambient  temperature:  The 

temperature  of  the  surrcMinding  enVircmment. 

;  AMMETER:  An  initnaiicnt  for  measuring 
the  rate  of  flow  of  electrical  current  id  aaipe«». 
J'       -     .  ■  ■  -  ■ 

AMPERE:  The  basic  unit  of -"^ectrictl 
cUrrait. 
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ANNEAL:  To  heat  a  metal  and  to  cool  it  in 
such  a  manner  as  to  toughen  and  soften  it.  Brass 
or  copper  is  annealed  by  heating  it  to  a  cherry 
red  and  dipping  it  suddenly  into  water  while 
hot.  Iron  or  steel  is  slowly  cooled  from  the 
heated  ccmdition  to  anneal. 

ANNUNCIATOR:  A  device,  -  usuaUy 
clc.ctromechanical,  used  to 'indicate  ^r  transmit 
information.  See  ENGINE  ORDER 
TELEGRAPH. 

ANTIFRICTION    BEARING:    A  bearing 
■containing  rollers  or  balk  plus  an  inner  and 
outer  race.  The  bearing  is  designed  to  roll,  thus 
minimizing  friction,  * 

APRON  (lathe):  Contains  the  gear  train  and 
the  clutches  that  give  controlled  movement  to 
the  longitudinal  and  crossf^d. 

ARC:  (1)  A  flash  caused  by  an  electric 
current  ionizing  a  gas  or  vapor.  (2)  A  portion  of 
the  circumferen^  of  a  circle. 

ARMATURE:  (1)  The  rotating  part  of  an 
electric  motor  or  generator.  (2)  The  moving  part 
of  a  relay  or  vibrator. 

ARTICULATED.  COl^ECHNG  ROD:  A 
connecting  rod  assembly  consisting  of  a  master 
rod  and  a  secondary  rod  connecting  two  pistonis 
,  to  one  craiik  l!hrow.  Used  on  "V"  type  engine 
blocks. 

ATKfdSPHERIC  PRESSURE:  Tlie  pressure 
exerted  by  the  atmosphere  in  all  directions,  as 
indicated  by  a  barometer.  Standard  atmospheric 
pressure  is  considered  'to  be  14.7  pounds  per 
square  inch,  which  is  equivalent  to  29.92  inches 
of  mercury. 

ATOMIZATION:  The  spraying  of  a  liquid 
through  a -nozzle  so  that  the  liquid  is  broken 
into  tiny  droplets  or  particles. 

AUTOMATIC  BUS  TRANSFER:  See  AST. 

AUTOMATIC  COMBUSTION  CONTROL 
SYSTEM  (ACC):  A  system  that  automatically 
controls  the  fuel  and  air  piixture  in  a  boiler. 


AUTOMATIC    CONTROLLER:  An 
instrument  or  device  that  operates  automatically . 
to  regulate  a  controlled  variable  in  response  to  a 
set  point  and^r  input  signal. 

AUTOMATIC  CONTROL  SYSTEMS:  A 
combination  of  instruments  or  devices  arranged 
systematically  to  control  a  proc^  or  operation 
at  a  set  point  without  assistance  from  operating 
personnel. 

AUTOMATIC  OPERATION:  Operation  of  a 
control  system  and  the  process  under  control 
without 'assistance  from  the  operator- 

AUXILURY  MACHINERY:  Any  system  or 
unit  of  machinery  that  supports  the  main 
propulsion  units  or  helps  support  the  ship  and 
the  crew.  Example:  Pump,  eva^rator,  steering  . 
engine,  air  conditioning  and  refrigerator, 
equipment,  laundry  and  galley  equipment,  deck 
.winch,  etc.  "  ^. 

AXIAL:  In  a  direction  parallel  to  the  axis. 
Axial  movement  is  movement  parallel  to  the 
axis.    •  . 

AXIS:  The  centerline  running  lengthwise. 

BABBITTED:  A  bearing  lined  with  a  babbitt 
metal  (containing  tin,  copper,  and  antimony). 

BACK  PRESSURE:  (I)  Resistance  to  the 
flow  of  exhausts  (fluids  and  gas).  (2)  The 
pressure  exerted  on  the  exhaust  side  of  an  ' 
engine  or  tire  discharge  side  of  a  pumi  p. 

BAFFLE:  A  plate  or  structure  placed  in  the 
line  of  flow  of  fluids  or  gases  to  divert  the  flow 
to  obtain  greater  contact  with  heating  or  cooling 
surfaces. 

BASE:  A  support  for  the  main  bearings  in  a 
diesel  engine  (more  modem  design).  See 
BEDPLATE.      ■    .  ■  . 

BDC  (bottom  dead  center):  The  position  of. 
a  reciprocating  piston  at  its  lowest,  point  of 
tiavel. 

BEARING:  A  mechanical  coijiponent  which 
supports  and  guides  the  location  of  another 
rotating  or  slidihg^Bcmber.  ^ 
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BEPPLATE:   A  support   for  th%  main 
-   beaxings  in  large  diesel  engines.  (Used  is.  older 
designs.)  ^  BASE. 

• 

BELL  ^OOK:  An  official  record  of  engine 
orders  received  and  ^wered. 

BIMETALLIC:  Composed  of  two  metals 

  witlL  dififixent  xat^  of  expansion  which  curve  to 

•a  greater,  or  lesser,  extent  when  subjected  to 
temperature  changes.     '  ' 

BLEEPfeR:  A  small  cock;  valve,  or  plug  that 
*  drains  off  soull  quantities  of  air  or  fluids  from  a 
'  container  orisystem.  * 

BLOCK  DLVGRAM:  A  diagram  in  whidi  the 
mi^or  c(»nponents  of  a  piece  of  equipment  or  a 
sy^^em  are  Tepresented  by  squares,  rectan^s,  or 
Qtl^  geometric  figures,  and  the  normal  order  of 
progmsion  of  a  signal  or  currenty  Qow  is 
represented  by  lines.  "    /        ,  ' 

mx>WER:  A  Mechanical  device  used  to 
siupply  air  under  pressure  to  a^  in  scavenging. 

BLUEPRINTS:  Copies  of  mechanical  or 
other  types  of  technical  drawings. 

BOILER:  Any  vessel,  contamer,  or 
receptacle  that  is  capable  of  iterating  steam  by 
the  -iiitemal  or  external  application-  of  heat.  The 
two  general  classes  are  fire  tube  and  water  tube. 

BOILER  BLOW  PIKNCJ:  Piping  from  the 
individual  boiler  blow  valves  to  the  overboard 
. '  connection  at  the  ^kin  of  the  ship. 

BOILER  DESIGN  PRESSURE:  Pressure 
specified  by  the  manufacturer,  usually  about 
103%  of  normal  steam  drum  operating  premtre. 

BdlLER  FEEDWATER:  Deaeiatcd  water  in 
the  piping  system  betwMH  the  deaerating  feed 
▼  tank  and  the.  boiler.  . 

BOILER  LOAD;  The  steam  output 
desUinded  from  a  boiler,  generally  expressed  in 
p<Hmdi  per  hour  (Ih/hr). 

BOILER  REFRACTORIES:  Materials  used 
in  the  boiler  furnace  to*  protect  the  boiler  from 
the  heat  of  combustion. 


BOILER  WATER:  Hie  water  actually 
Jontaine^in  the  boiler.  '  . 

BONNET:  A  cover  used  to  guide  and  enclose 
the  tail  end  of  a  valve  spindle. 

BOSCH:  A  fuel  iiyection  system.  A  Geiman 
manufacturer  of  mechanical  and  electrical 
engine  and  automotive  components. 

BOTTOM  BLOW:  A  procedure  used  to 
remove  suspended  solids  and  sludge  from  a 
boiler.  -     .  -  ^ 

BOTTOM  DEAD  OBNTER:  See  BDC. 

BOURDON  TUBE:  A  C-shapcd  hollow 
metal  tube  that  is  used  in  a  gage  for  measuring 
presmres  of  1^  psi  and  above.  One  end  of  the  C 
is  welded  or  silver4}iazed  to  a  stati^ary  base. 
Pressun^  on  the  hollow  section  forces  the  tube  to  } 
try  to  strai^ten.  The  free  end  moves  a.  nec^e 
on  thegage  fac0.  ,  '  <% 

BOYLE'S  LAW:  The  volume  of  any  dry  gas 
varies  inversely  with  the  applied  pressure, 
provided  the  temperature  remains  corisiknt. 

BRAKE  HORSEPOWER.  <bhp):  .A 
measurement  of  the  power  produced  1)y  an 
engine. 

BRAZING:  A  method  of  joining  two  metals* 
at  high  temperature  with  a  mciten  alloy. 

BEAKER  POINTS:  Metal  contact  ^t 
Open  and  close  a  circuit  at  timed  intervals. 

BRINE:  (1)  A  highly  concentrated  solutioi 
of  salt  in  water,  normally  associated  With  the 
overboard  dischai:^  of  distilling  plants.  (2)  Any 
water  in  which  the  concentration  of  chemical 
salts  is'higher  than  seawater. 

BRITISH  THERMAL  UNIT  (Btu):  A  unit  of 
heat  used  to  measure  the  efficiency  of 
combustion.  It  is  equal  to  the  quantity  of  heat 
required  to  raise  1  pound  of  water  l^^  F. 

BRUSH:  The  ccmducting  material,  usually  a 
^lock  of  carbon,  bearing  against  the  commutator 
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or  siipiings  ttirough  vviiich  the  cun;ent  flows  in 
or  9ut. 

BULL  GEAR:  The.  largest  gear  in  a 
reduction  gear  train— the  main  gear,  as  in  .  a 
geared  turbine  drive,  . 

BUS  BAR:  A*  primary  power  distribution 
point  coiuiected  to  the  main  power  source. 

BUSHING:  A  renewable  lining  for  a  hole  in 
which  a  shaft,  rod 'or  similar  part  moves.  ^ 

BUS  TRANSFER:  A  device  for  selecting 
either  of  two  available  sources  of  electrical 
power.  It  may  be  accomplished  either  manually 
or  automatically. 

BUTTERFLY  VALVE:  A  Ught^eight, 
relatively  quick  acting;  positive  shutoff  valve.  ' 

BYPASS:  To  divert  the  flow  of  gas  or  liquid. 

Also,  the  line  that  diverts  the  flow. 

•  ..f  <      -     .         ■  -  r  . 

CAUBRATE:  To  make  adjustments  to  a 
meter  or  other  instrument  so  that  it  will  indicate 
correctly  with  respect  to  its  "inputs, 

CAM:  A  projecting  part  of  a  shaft,  wheel  or 
other  simple  moving  piece  in  a  machine,  shaped 
to  give  predfe^rmined  variable  motion  in 
repeating  cycles  to  another  piece  against  which 
it  acts. 

CAMSHAFT:  A  shaft '  with  eccentric 
projections,  called  cams,  designed  to  control  the 
operation  of  valves. 

CAPACITOR:  The  electrodes  or  sets  of 
electrodes  in  the  form  of  plates,  separated  from 
each  other  by  an  insulating  material  called  tht 
dietectric. 


•CAPILLARY  TUBE:  A  slender,  thin-waUed, 
small-bored  tube  used  vrith  remote-reading 
indicators,  ' 


'  CAPSTAN:  A  vertical  drum  or  barrel 
operated  by  rhotor^  or  engines  which  produce 
high  torque  and  compttratively  low  speed.  It  is 
useo'to  haul  heavy  lines.  On  combatant  ships  the 
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capstan  or.  capstan  head  is  mounted  above  the 
wildcat  on  the  anchor  windlass.  On  caigo  ships 
the  horizontal  equyivalent,  the  gypsy  head,  is 
attached  to  cargo  ^  anchor  winches. 

CARBON  DIOXIDE:  A  coloriess,  odoriess 
gas  used  as  a  fire  extingui^iing  agent  and  for 
inflating  liferafts-and  lifejackets. 

CARBON  MONOXIDE:  A  deadly,  colorless, 
odoriess,  aiid  tasteless  gas  form^  by  incomplete 
burning  of  hydrocarbons. 

CARBON  PACKING:  Pressed  segments  of 
graphite  used  to  prevent  steam  leakage  around 
shafts. 

CARBURETOR:  An  apparatus  for  supplying 
atomized  and  vaporize!  fuel  mixed  wit^air  to 
an  internal-combustion  engine. 

CARRIAGE:  Contains  the  controls 
governing  the  movement  of  the  cutting  tool.  The 
carriage  is  made  tip  of  two  parts— saddle  and 
apron.  _^ 

CARRYOVER:  (1)  Boiler  water  entrained 
with  the  steam  (by  foaming  or  priming).  (2) 
Paiiicles  of  seawater  trapped  in  vapor  in  a 
distilling  plant  and  carried  into  the  condensate. 

CASING:  A  housing  that  encloses  the 
rotating  element  (rotdr)  Of  a  pump  or  turbine. 

CA5ING  THROAT:  An  opening  in  a  turbine 
or  pump  casing  through  which  the  shaft 
protrudes.  ' 

CASUALTY:  An  event  or  series  of  events  in 
progress  during  which  equipm^t  damage  and/or 
personnel  injury  has  akeady  occurred.  The 
nature  and  speed  of  these  events  are  such  that 
proper  and  correct  procedural  steps  are  taken  to 
limit  damage  and/or  personnel  injury  only, 

CASUALTY  POWER  SYIJTEM:  Portable 
cables  that  are  rigged  to  transmit  power  to  vital 
equipment  in  an  emergeiicy. 

CATALYST:  A  sut^tance  tised  to  speed  up 
or  slow  down  a  chemical  reaction,  but  is  itself 
unchanged  at  the  end  of  the  reaction. 
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CELSIUS:  The  temperature  scale  with  a 
f'reczing  point  of  0°  and  a  boiling  point  of  1 00°, 
with  100  equal  divjsiais  (degrees)  between.  This 
scale  was  formeriy  known  as  the  centigrade 
scale. 

CENTER  REST:  A  device  which  is  clamped 
Jo  the  ways  of  the  lathe  for  supporting  long 
shafts  of  small  diameter  while  turning  them . 

CENTRIFUGAL  FORCE:  A  force  exerted 
on  a  rotating  object  in  a  direction  outward  from 
the  center  of  rotation . 


CETANE  VALUE:  A  measure 
with  which  di^l  fuel  will  ignite. 


of  the  ease 


CHATTER:  >iachine  shop  equipment 
chatter  is  vibration  m  either  the  tool  or  the 
work.  The  vibration  is  set  up  by  a  weakness  in 
the  woric,  work  support,  or  tool  support. 


current  in  the  circuit  exceeds  a  predetermined 
amount.  Circuit  breakers  can  be  reset. 

CIRCULATING  WATER:  Water  circulated 
through  a  heat  exchanger  (condenser  of  cooler) 
to  transfer  heat  away  from  an  operating 
component. 

CLARIFIER:  A  water  tank  containinjg 
baffles  that  slow  the  rate  of  water  flow 
sufficiently  to  allow  heavy  particles  to  settle  to 
the  bottom  and  light  particles  to  rise  tp  the 
surface,  this  separation  permits  easy  removal, 
thus  leaving  tlie  "clarified"  water.  The  darifier  is 
sometimes  referred  to  as  a  settling  tank  or 
^^y^  sedimentation  basin. 

CLOSED  COOLING  SYSTEM:  Consisting  of 
two  entirely  separate  circuits- freshwater  circuit 
ajid  saltwater  circuit.  ; 


CHECK  VALVE:  A  valve  which  permits 
fluid  flow  in  one  direction,  but  prevents  flow  in 
t^e  reverse  direction.  • 

CHEMICAL  ENERGY:  Energy  pwec^  in 
chemicals  (fuel)  and  release^  during  combustion 
of  the  chemicals.' 

CHILL  SHOCKING:  A  method  that  uses, 
steam  and  cold  water  to  remove  scale  from  tlie 
tubes  of  a  distilling  plant. 

CHLORIDE:  A  compound  of  the  chemical 
element  chlorine  with  another  element  or 
radical. 

-  CHLORINE:  A  heavy,  grcenish-yeUow  gas 
used  in  water  purification,  sewage  disposal,  and 
bleaching  solutions.  Poisonous  in  concentrated 
form. 

CHUCK:  Any  of  the  various  devices  for 
holdmg  work  in  a  lathe.  *. 

CIRCUIT:  An  arrangement  of 
interconnected  electrical  components  which 
offers  a  route  for  current  between  the  two 
points,  of  the  power  smirce. 

;  CIRCUIT  BREAKER:  An  electromagnetic 
or  thcfwial  device  that  opens  a  circuit  when  the 


CLUTCH:  A  form  of  coupling  that  connects 
•or  disconnects  a  driving  or  driven  member. 

COAXIAL  CABLE:  A  transmission  line 
consisting  of  two  conductors  concentric  with 
and  insulated  from  each  other. 

COCK:  A  valve  which  is  Opened  or  closed  by 
a  quartet  turn  of  a  disk  or  a  tapered  plug.  When 
a=  plug  is  used,  it  is  slotted  to  correspond  with 
the  ports  in  the  valve. 

COLD  IRON  CONDITION:  An  idle  plant, 
when  all  services  are  received  from  an  external 
source  such  ashore  or  tender. 

COMBUSTION:  The  burning  of  fuel  in  a 
chemical  process  accompanied  by  the  evolution 
of  light  and  heat.  •  . 

« 

C0MBUSTI6n  AIR:  The  air  delivered  to  a 
boiler  furnace,  engine,  or  gas  turbine  combustor 
to  support  burning  of  atomized  fuel  oil. 

COMBUSTION  CYCLE:  See  OTTO  CYCLE 

and  DIESEL  CYCLE. 

■'>■  . 

COMMUTATOR:  The  copper  segments  on 
the  armature  of  a  motor  or  generator.  It  is 
cylindrical  in  shape  and  is  used  to  pass  power 
into  or  from  the  brushes. 
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COMPENSATING  DEVICE:  M«5chanicai  or 
hydraulic  action  which  prevents  overcorrtction 
of  change. 

COMPONENT:  Individual  unit,  or  part,  of  a 
systwn;  also,  the  insuor  units  which,  when 
suitably  connected,  comi^isc  a  system . 

CJONDENSATfe:  In  distilling  plant,  the 
product  resulting  from  jihe  condensation  of 
steam  (vapor)  produced  ^^y  the  evaporation  of 
scawater.  Condensate  may  also  be  referred  to  by 
different  names  such  as  frwhwater,  freshwater 
distillate,  or  distillate. 

CONDENSATE  DEPRESSION:  The 
difference  between  the  temperature  of 
condensate  in  the  coodcnsaf  hotwell  and  the 
saturation  temperature  ccflfesponding  to  the 
vacUton  maintained  in  the  condenser. 

CONDENSATION:    The  change   from  a 
gasecHts  (or  vapor)  state  to  a  liquid  state. 

CONDENSER:  A  heat  transfer  device  in 
which  vapor  is  conde^ped  to  liquid. 

CONDUCTANCE:  The  ability  of  a  material 
to  ccmduct  or  carry  electrical  or  ttiermal  energy. 
Electrical  conductance  i*  the  reciprocal  of  the 
resistance  of  the  material  and  is  expressed  in 
mhos. 

CONDUCTION:  Heat  transfer  by  actual 
contact  between  substances  or  from  molecule  to 
molecule  within  a  substance.  i  -  v 

CONDUCTIVITY:  The  ease 'with  which  a 
substance  transmits  electricity. 

CONDUCTOR:  Any  material  suitable  for 
carrying  electric  current.  \  f 

CONSOLE:  A  panel  equipped  with  remote 
manual  ccmtrok  and  visual  indicators  of  system 
performance. 

CONTROL  AIR  SUPPLY:  Qean,  dry  air  at 
proper  j^ssurc  for  operation  of  pneumatic 
control  equipment. 

CONTROLLER  (electrical):  A  device  used 
to  stop,  start,  and  protect  motors  from 
ovcrioads^whiie  they  are  rurming. 


COOLER:  Any  device  that  removes  heat. 
Some  devices,  such  as  oil  coolers,  itmavc  heat  to 
waste  in  overboard  seawater  discharge;  other 
devices,  such  as  ejector  coolers,  conserve  heat  by 
heating  condensate  for  boiler  feedwater. 

COOLING  SYSTEM:  Heat  removal  process 
that  uses  mechanical  means  to  remove  heat  to 
maintain  the  desired  air  temperature.  The 
process  may  also  result  in  dehumidifieation.- 

CORE  (electrical):  A  magnetic  matc^ia^that 
affords  an  easy  path  for  magnetic  flux  lines  in  a 
coil. 

CORROSION:  A  gradual  wearing  away  or 
alteration  of  metal  a.  chemical  or 
electrochemical  process.  Essentially,  it  is  an 
oxidizing  process,  such  as  the  rusting  of  iron  by 
the  atmosphere. 

COTIBR,  PIN,  SPRING:  A  round  split  pin 
used  to  position  and  secure  a  nut  on  a  bolt.  The 
pin-  is  passed  through  a  hole  in  the  nut  and  bolt. 
T^ie  ends  of  the  pin  o'ppostte  its  head  are  forced 
apart  by  a  screwdriver,  pliers,  or  similar  tool,- 
thus  preventing  the  cotter  from  slipping  out. 

■  a>UNTERBORE:  (1)  The  enlargement  oft 
the  end  of  a  hole  for  receiving  and  rece^ng  the 
head  of  a  screw  or  bolt  below  or  flush  with  the 
surface.  (2)  A  tapered  enlargement  at  the  end  of 
an  en^e  cylinder  to  r^uce  ridging  by  the 
piston's  top  comprei^n  ring; 

COUNTERSUNK  HOLE:  A  hole  tapered  or 
beveled  around  its  edge  to  allow  a  rivet  or  bolt 
head  or  a  rivet  point  to  seat  flush  with  or  below 
the  surface  of  the  riveted  or  bolted  object. 

COUPLING:  A  device  for  securing  togetho- 
adjoining  ends  of  piping,  shafting,  etc.  in  such  a 
manner  to  permit  disassembly  whenever 
necessary.  '  • 

CRANE:  A  machine  used  for  hoisting  and- 
moving  pieces  of  material  or  portion}  of 
structures  or  machines  that  are  either  tod  h^vy 
to  be  handled  by  hand  or  carmot  be  handled 
economically  by  hand. 

CRANKCASE:  The  part  of  an  engine  frame 
which ^rves  as  a  housing  for  the  crankshaft. 


.  ft 


51Gf^ 


CRANKSHAFT:  A  shaft  'that  changes 
redprocating  motion  to  circular  motion  or  vice 
vcisa.'  m  ^' 

CREEP'-RESISTANT  ALLOY:  A  metal 
which  resists  the  slow  plastic  deformation  that 
occurs  at  high  temperatures  when  the  material  is 
under  constant  stress.  . 

CREST:  The  surface  of  tlie  thread 
cortcsponding  to  the  major  diameter  of  an 
external  thread  and  the  minor  diameter  of  an 
internal  thread- 

-> 

•  CRITICAL  SPEED:  The  speed  at  which 
natural  torsional  vibrations  of  a  crankshaft  tend 
to  reinforce  ^emselves,  causing  vibration  and 
potentially  destructive  stresses. 

CROSS-CONNECT:  To  align  systems  to 
provide  flow  or  exchange  enei^gy  between 
machinery  groups. 
, .        .  \,      .  ' 

CROSS^ONNECTED  PLANT:  A  metiiod 
of  operating  two  or  more  plants  as  one  unit 
from  a  common  supply. 

CROSSHEAD:  A  mechanical  device  used  in 
Teciprpcating  engines  to  absorb  lateral  thrust 
which  results'sfrom  the  action  of  the  piston  on 
the  crank^aft  ^ 

CROSSHEAD  PISTON:  Elongated  pistons 
used  on  old,  largc-bore  marine  engines.  A 
.  composite  piston  v«th  separate  crown  and  skirt 
designed  to  absorb  lateral  thrust. 

CROSSOVER  PIPING  (OR  VALVES): 
Provides  flow  between  port  and  starbp-ard 
systems  or  systems  having  different  purposes. 

CROSS  SECTION:  A  view  of  the  interior  of 
an  object  that  is  lepresented  as  being  04  in  two, 
the  cut  surface  presenting  the  cross  section  of 
the  object, 

CROWN :  The  head  or  top  of  a  pistoiv 

CURRENT  UMITER:  A  protective  device 
'  similar  to  a  fuse,  usually  used  in  high  amperage' 
circuits.- 


CyCLE:  Ah  interval' of  time  during  which  a 
sequence  of  a  recurring  succession  of:  events  is' 
completed. 

CYLINDER :  A  solid  figure  with  tiWcircular 
bases.  A  hollow  tube  which  contains  th^*^ctions 
of  comlHistion  gases  and  the  piston  it  an 
intemal-combusti<Mi  reciprocating  engine. 

CYLINDER  BLOCK:  A  rigid  unit  of  the 
engine    frame  which   supports  the  engine's 
cylinder  liners  and  heads.  A  cylinder  block  may 
Contain'  passages  to  allow  circulation  of  cooling 
water  and  diiUed  lube  oil  passages. " 

DAMPER:  A  device  for  reducing  the  motion 
or  oscillations  of  moving  parts. 

DAMPING:  (1)  A  characteristic  of  a  system 
that  results  in  dissipaticMi  of  energy  and  causes 
decay  in  oscillations.  (2)  The  negative  feedback 
of  an  output  rate  of  change. 

DAY  TANK:  A  f^oUank  wijh  the  capacity 
to  operate  an  en^e^or\24  hours.  Also  called 
SERVICE  TANK.  / 

DEAERATE:  Process  of  removing  dissolved 
oxygen, 

DEAERATING  FEED  TANK  (DFT):  A  unit 
in  the  steam-water  cyde  used  to  (1)  free  the 
condensate  of  dissolved  oxygen,  (2)  heat  the 
feed  water,  and  (3)  act  as  a  reservoir  for 
feedwater,     ,  - 

DEGREE  OF  SUPERHEAT:  The  amount  !jy 
which  the  temperature  exceeds  the  saturation 
temperature. 

DEHUMIDIFICATION:  The  mechanical 
process  df  removing  water  vapor  from  the  air. 

DENSITY  ;  The  weight  per  unit  volimie  of  a 
substance. 

*. 

DENTAL  COUPLING:  A  flexible  cmipling 
assembly,  consisting  of  a  set  of  external/internal 
gear  teeth,  that  compensate  for  sljaft 
misalignmeit  between  a  driver  and  a  driven 
machinery  component. 
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DEPTH:  The  distance  from  the  root  of  a 
thread  to  the  crest,  measured  perpendicularly  to 
the  axis. 

*      •  * 

DESIGN  PRESSURE  (boiler):  The  pressure 
^      specified  by  a  manufacturer  as  a  criterion  in 
dcsagn.  (in  a  boiler  it  is  approximately  103%  of 
operating  pressure.) 

DESIGN  TEMPERATURE:  The  intended 
operating  temperature  of  the  freshwater  and 
1       lube  oil  at  the  engine  outlet,  at  some  specified 
— — ^te   of  operation.    The   specified   rate  of 
operation  is  normal  load. 

r 

DESUPERHEATED  STEAM:  Steam  from 
which  some  of  the  superheat  has  been  removed. 

DIAL  GAGE  OR  INDICATOR:  A  precision 
microraeter-type  instrument  that  indicates  the 
reading  by  a  needle  moving  across  a  dial  face.  ^ 

rih'        DIAPHRAGM:  A  dividing  membrane  or  thin 
partition. 

DIESEL  CYCLE  (ACTUAL):  Combustion 
induced  by  compression  ignition,  begins  on  a 
constant-volume  basis  and  ends  on  a 
constant-pressure  basis. 

^  DIESEL  cycle'  (TRUE):  Combustion 
induced  by  compression  ignition,  theoretically 
occurs  at  a  ccmstant  pressure.  -> 

E^ESEL  ENGINE:  An  engine  using  the 
dicsel  or  semidiescl  cycle  of  operation;  air  alone 
compressed  and  diesel  fuel  is  i^jecJted  before 
T'tne  ei^  of  the  c«npression  stroke.  Heat  of 
.   compression  produces  ignition. 

pi#USER:  (1)  A  duct  of  varying  cross 
section  I  designed  to  convert  a  high-speed  gas  flow 
into  low-speed  flow  at  an  increased  pressure.  (2) 
A  device  that  spreads  a  fluid  out  in  all  directions 
and  increases  fluid  pressure  while  decreasing 
fluid  velocity. 

DIRECT  CURRENT  (d.c):  An  electric 
.current  that  flows  in  one  direction  only. 

DIRECT  DRIVE:  One  in  which  the  drive 
mechanism  is  coupled  directly  tS^thc  driven 
raei^ber.  \ 
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DIRECTIONAL  CONTROL  VALVE:  A 
valve  which  selectively  directs  or  prevents  flow 
to  or  from  desired  channels.  Also  referred  to  as 
selector  valve,  control  valve,  or  "transfer  valve. 

i  ■  ■ 

DISPLACEMENT:  The  volume  of  air  or 
fluid  which  can  pass  ^ough  a  pump,  motor,  or 
cylinder  in  a  single  revolution  or  stroke. 

DISTILLATE:  The  product  (freshwater) 
resulting  from  the  condensation  of  vapors 
produced  by  the  evaporation  of  seawater. 

'  DISTILLATION:  The  process  of  evaporating 
seawater,  theti  cooling  and  condensing  the 
resulting  vapors.  Produce  freshwater  from 
seawater  by  separating  the  salt  from  the  water. 

DISTILLING  PLANTS:  Units  coniinonly 
called  evaporators  used  to  convert  seawater  into 
freshwater.  - 

DOUBLE  REDUCTION:  A  reduction  gear 
assembly  that  reduces  the  hi^  input  rpm  to  a 
lower  output  rpm  in  two  stages- 

»  DOUBLE  $UCnj»f>,  IMPELLER:  An 
impeller  with  suction  inlet  on  each  side. 

DRAWING:  (1)  Illustrated  plans  that  show 
fabrication  and  assembly  details.  (2)  ITie  original 
graphic  design  from  which  a  blueprint  may  be 
made.  Also  called  plans. 

DRAWING  NUMBER:  An  identifying 
number  assigned  to  a  drawing,  or  a  series  of 
drawings, 

DRUM,  WATER:  A  tank  at  the  bottom  of  a 
boiler.  Also  called  mud  druni. 

DUPi^X  STRAINER:  A  strainer  containing 
two  separate  elements  independent  of  each 
other. 

DYNAMIC  PRESSURE.:  (I )  The  pressure  of 
a  fluid  resulting  from  its  motion,  equal  to 
one-half  the  fluid  deniity  times  the  fluid 
velocity  squared.  (2)  In  incompressible  flow, 
dynamic  pressure  is  the  difference  between  total 
pressure  and  'itatic  pressure. , 
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ECONOMIZER:  (1)  A  device  provided  in  a 
carburetor  to  give  the  fuel-air  mixture  the 
richness  required  tor  higji  power.  (2)  A  heat 
transfer  Mevice  that  u^  the  gases  of  combustion 
to  preheat  the  feedwater  in  the  boiler  before  it 
enters  the  steaiu  drum!  See  FEED  HEATER. 

EDUCrOR:  A- jet-type  pump  (no  moving 
parts)  viiuch  uses  a  flow  of  water  to  entrain  and 
thereby  pump  water.  ' 

EFFICIENCY:  The  ratio  of  output  power  to 
input  power,  ^nerally  expressed  as  a 
"percentage.  ' 

ELASnOTY:  The  ability  of  a  material  to 
return  to  its  original  size  and  shape. 

ELBOW-ELL:  A  pipe  fitting  that  makes  an 
an^e  between  adjacent  pipes,  always  90°  unless 
another  angle  is  stated. 

ELECTRICAL  ENERGY:  Energy  denved 
from  the  forced  induction  of  electrons  from  one 
atom  to  another. 

'  ELECTRODE:  'A  metaiUc  rod  (welding  rod), 
used  in  electric  welding,  that  melts  When  current 
is  passed  through  it. 

ELECTROHYDRAUUC  "  STEERING:  A 
system  having  a  motor-driven  hydraulic  pump 
that  creates  the  force  ne«led  to  actuate  the  rams 
to  position  the  ship's  rudder, 

ELECTROLYSIS:  A  chemical  action  tlwt 
takes  place  between  unlike  metals  in  syste(ms 
using  saltwater. 

ELECTROLYTE:  A  solution  of  a  substance^ 
which  is  capable  ©f  conducting  electricity.  An 
electrolyte  may  be  itt  the  form  of  either  a  liquid 
or  ai>aste,  .* 

ELECTROMAGNET:  A  magnet  made  by 
passing  current  through  a  coll  of  wire  wound  on 
a.soft  iron  core. 

.  ELECTROMECHANICAL  DRAWING:  A 
special  type  of  drawing  combining  electrical 
symjbols  and  mechanical  drawing  to  show  the 


comp(^tion  of  equipment  that 
electrical  and  mechanical  features. 


combines 


ELEMENT:  (1)  A  substance  which  consists  ' 
of  chemically  united  atoms  of  one  kind.,  (2)  An 
indivisible  p^  of  9  logic  function  or  circuit. 
Fluidic  elements  are  interconnected  to  form 
working  circuits.  (3)  '  Parts  of  systems;  for 
example,  filter  element,  valving  element,  etc. 

EMERGENCY:  An  event  or  series  of  events 
in  progress  which  will  cause  damage  to 
equipment  unless  immediate,  timely,  -and  correct 
procedural  steps  are  taken. 

EMULSIFIED  OIL:  A  chemical  condition  of 
.oil  in  which  the  molecules  of  the  o{\  have  been 
broken  up  and  suspended  in  a  foreign  substance 
(usually  water). 

ENERGY:  The  capacity  for  doing  work. 

ENGINE:  A  machine  which  converts  heat 
energy  into  mechanical  energy. 

ENGINE  LATHE:  A  machine  in  which  woric 
is  rotated  about  a  horizontal  axis  and  shaped  by 
a  fixed  tool. 


•  ENGINEERING  LOG:  A 
important  events  and  data 
machin?ry  of  a  ship. 


legal  record  of 
concerning  the 


ENGINEER'S  BELL  BOOK:  A  legal  record, 
maintained  by  the  throttle  watch,  of  all  ordered 
main  engine  speed  clmges. 

)NE  ORDER  TELEGRAPH: 
Etectrojn^hanical  device  which  transmits  orders 
foiiHniing  desired  direction  and  general  speed 
of  the  engines  to  the  engineroom.  See 
ANNUNCIATOR. 

ENGINE  ORDER  INDICATOR:  A  device 
on  the  ship's  bridge  which  transmits  orders  to 
the  engineroom  for  specific  shaft  speeds  in 
revolutions  per  minute. 

EPM  (equivalent  per  million):  A  term  u^ 
to  describe  the  chemical  concentration  of 
dissolved  material;  used  in  reporting  sample  test 
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results.  It  expresses  the  chemical  equivalent  unit 
wei^t  of  material  dissolved  in  a  miUion  unit 
weights  of  solution.  (The  chemical  equivalent 
weight  of  chloride" is  35.5.  If  35.5  pounds  of 
chloride  were  dissolved  in  1 ,000^000  pounds.of 
water,  the  water  would  contain  1.00  epra 
chloride). 

EQUILIBRIUM:  The  state  of  balance 
between  opposing  forces  or  actions. 

EVAPORATION:  The  action  that  takes 
place  when  a  liquid  changes  to  a  vap^  or  gas. 

-  EVAPORATOR:  A  distilling  device  to 
produce  freshSvater  from  seawater. 

EXPANSION  JOINT:  (1)  A  junction  in  a 
piping  system  which  allows  for  expansion  and 
contraction.  \2"i  A  term  applied  to  a  joint  which 
permits  linear  movement  to  take  up  the 
expansion  and  contracticm  due  to  .  changing 
temperature  of  ^p  movement. ' 

EXPANSION  TANK:  Provides  for 
w^p^si'&n,  overflow,  and  replenishment  of 
cooling  water  in  an  engine. 

EXPLODED  VIEW:  A  pictorial  view  of  a 
device  in  a  state  of  disassembly,  showing  the 
appearance  and  interrelationship  of  parts. 

•EXTERNAL  THREAD:  A  thread  on  the 
outside  of  a  member.  Example:  A  thread  of  a 
bolt. 

FAHRENHEIT:  The  temperature  scale  using 
the  freezing  point  as  32  and  the  boiUng  point  as 
212,  with  1 80  equal  divisions  (degrees)  between. 

VAlh:  The  loss  of  c^jntrol  signal  or 
power  to  a  component  (2)  The  breakage  or 
breakdown  of  a  component  or  Component  part. 

FATIGUE:  The  tendency  of  a  material  to 
break  under  repeated  stiain.  y 

FEEDBACKS  ( 1 )  A  transfer  of  energy  from 
the  output  circuit  of  a  dt^cc  back  to  its  input. 
(2)  Information  about  a  process  output  which  is 
communicated  to  the  process  input. 
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FEEDER:  An  electrical  coi^ductor  or  group 
of  conductors  between  different  generating  or 
distributing  units  of  a  power  system . 

FEED  HEATER:  A  heat  transfer  device  that 
heats  the  feedwater  before  it  goes  to  the  boiler. 

FEEDWATER:  Water  that  meets  the 
requirements  of  NA  VSHIPS'  Technical  Manual 
Chapter  220  (95 60)  for.use  in  a  boiler. 

FERROUS  METAL:  Metal  with>  high  iron 
content. 

^  V 

HELD  WINDING:  The  coil  used  to  provide 
the  magnetizing  force  in  motors  and. genera  tors. 

FILTER: '  A  device  through  which  ^s  or. 
liquid  is  passed;  dirt,  dust,  and  other  impurities 
.  are  removed  by  the  separating  action. 

FIRELINE:  Section  of  piping  and  hose  on 
discharge  side  of  a  proportioner  leading  to  a  fire 
location.  • 

FIRE  MAIN:  The  saltwater  line  that 
provides  firefighting  and  flushing  water 
throughout  the  ship. 

FIRE  TUBE  BOILER:  BoUers  in  which  the 
gases  of  cpmbustion  pass  through  the  tubes  and 
heat  the  water  surrounding  them. 

FLASHPOINT:  The  temperature  at  which  a 
substance,  such  as  an  oil,  will  give  off  a  vapor 
that  will  flash  or  bum  momentarily  when 
ignited.  ' 

FLEXIBLE  COUPLING:  A  coupling  that 
'transmits  rotary  motion  from  one  shaft  to 
another    while    compensating   for  minor 
misalignment  between  the  two  units.  a 

FLOOR  PLATES:  The  removable  de^ 
plating  of  a  fireroom  or  .engineroom  aboard  ship. 
Also  called  deck  plates, 

FLOWMETER:  An  instmment  used  to 
measure  quantity  or  the  flow  rate  of  a  fluid 
motion. 

FLUID:  A  substance  capable  of  flowing  or 
conforming  to  the  shape  of  its  j|ptainer  (a 
liquid  or  gas  or  mixtur^thereoO-  ^ 
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^  FLYBALL  (governor):  Wd^ts  which  move 
and  assume  positions  in  accordance  with  the 

speed  of  rotation- 

♦     ■  ■ 

FLYWHEEL:  A  heavy  wheel  attached  to  the 
crankshaft.  It  stores  up  CTiergy  during  the  power 
event  ^nd  releases  it  during  the  remaining  events 
of  the  operating  cycle. 

FOAM  NOZZLE:  A  nozzle  designed  to 
entraiii  air  and  mix  it  with  water  and  foam 
liquid  to  produce  a  foam  blanket  ^ 

FOOT-POUND:  (1)  The  amount  o&work 
accomplished  when  a  force  of  1  pound  pioduces 
a  displacement  of  ^  1  foot.  '^(2)  The  ammmt  of 
torque  produced  by  1  pound  of  effort  applied  at 
a  radius  of  1  foot* 

FORCE:  The  action  of  one  body  on  another 
tending  to  change  the  state  of  motion  of  the 
body  abted  upon.  Force  is  usually  expressed  in 
pounds^  ^ 

FORCEtBALANCE:  An  arrangement  of 
control  sysi|e|H  components  using  a  mechanical 
force  as  th^  feedback  signal.  The  feedback 
applied  force  must  **nuir'  the  forces  acting  on  a 
balanced  mechanism. 

FORCED  FE^D  LUBRICATION:  A 
lubrication  system  that  uses  a  pump  to  maintain 
a  constant  pressure. 

t  ■     .  ■ 

FREE    FLOW:    Flow   which  encounters 
negligible  resistance. 
# 

FREQUENCY:  The  number  of  complete 
cycles  per  second  (hertz)  existing  in  any  form  of 
wave  motion. 

FRESHWATER:  Water  of  rektively  low 
d^^sdved  soUcis  ctxitent  as  compared  to 
seawater.  There  are  two  types  of  shipboard 
freshwater:  feedwater  (the  Jow-pje»urc  ^uns 
of  the  steam  generator  condensate  systen^iand 
potable  water  (supplied  from  either  a  shore 
water  source  or  a  shipboard  distilling  plant). 

.FRESHWATER  SYSTEM:  A  piping  system 
which  suppit^  freshwater  throughout  the  ship. 


FRICTION:  The  action  of  one  body  or 
substance  rubbing  against  another,  such  as  fluid 
flowing  against  the  walls  of  a  pipe;  the  resistance 
to  motion  caused  by  this  rubbing. 

FRICTION  PRESSURE  DROP:  The 
decrease  in  the  pressure  of  a  fluid  flowing 
through  a  passage  attributable  to  the  friction 
between  the  fluid^and  the  passa^  walls. 

4  FUEL  OIL:  Navy  Distillate  Fuel 
MIL-F-24397,  Diesel  Fuel  Marine  MIL-F- 16884, 
JP5  MIL-T-5624,  or  Navy  Special  .Fuel  OU 
MIL-F-859.  ^ 

FUEL  OIL  SERVICE  TANKS:  Tanks  from 
which  the  fuel  oil  service  pumps  take  suction  for 
supplying  diesel  fuel  oil  to  the  engine.  See  DAY 
TANKS. 

FUSE:  A  protective  device  inserted  in  series 
with  a  circuit.  It  contaiiKs  a  metal  that  will  melt 
^  or  break  when  current  is  increased  beyond  a 
specific  value  for  a  definite  period  of  time. 

..     '■  ■  f  ■ 

^  GAGE  GLASS:  A  device  for  indicating  the 
^^uid  level  in  a  tank. 


GAGE  PRESSURE: 

atmc^pheric  pressure. 


Pressure  above 


GALVANIZING:  The  process  of  co^tmg  one 
metal  with  another,  ordinarily  applied  to  the 
coating  of  iron  or  Steel  with  zinc.  The  chief 
purpose  of  gal^nizing  is  to  prisvent  corrosion. 

GAS:  The  form  of  matter  which  has  neith^ 
a  definite  shape  nor  a  deflnite  volume. 

•  GAS  FREE:  A  term  used  to  describe  a  space 
tha^  has  been  t^ted  and  its  atmosphere  found 
j^saffr'for  human  occupation*  and  for  hot  woric 
(welding  and  cutting). 

GASKET(S):  (1)  A  class  of  material  which 
-provides  a  seal  between  two  station&ry  parts.  (2) 
Packing  materials,  by  whidi  air,  water,  oil,  or 
steam  ti^tness  is  sectu*^  in  such  phices  as  on 
doon,  hatches,  cylinders,  manhole  covers,  ^{  b 
valves,  between  the  flanges  of  pipes,  etc.  Such 
materials  as  rubber,  canvas,  asbestos,  paper* 
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sheet  lead  and  copper,  soft  iron,  and  commercial 
products  are  extensivfciy  used. 

GEARING:  A  term  applied  to  wheels  which 
have  te«gi  ^t  mesh,  engage,  or  gear  with 
similar  teeth  oi*  other  wh^ls  in  sudi  manner 
^  'that  motion  given  one  wheel  will  be  imparted  to 
the  other.  ^ 

•  GENERATOR:  A  machine  that  converts 
mechanical  energy  into  electrical  energy. 

GLAND  SEALING:  Water  piped  to  a  pump 
casing  stuffing  box  tdymaintain  a  seal  against  air 
entering  the  pump  casing 

GpVERNOR:  A  speed-sensitive  device 
dcsigrted  to  cemtrol  or  limit  the  speed  of  the 
engine:  - 

.  GRAPHITE:  A  er^ltaUine  form  of  carbon 
having  a  slippery  f^l  and  biaC^  doJor  with 
metattic  luster.  Used  for  a  lafaricant  ^ 

GRAVITY  HEAD:  A  supply  of  fluid  above 
V^e  suction  level  of  a  pun^p.  Also  called 
^atichead.** 

,  GROUND  PLiJCj;  A  three^pronged  electrical 
plug  used  to  ground;  portable  tools  to  th^ship's 
structure.  It  is  a  safety  device  which  always  must 
be  checked  prior  to  your  using  portable  tools. 

HAGEVAP    SOLUTION:    A  chemical 
compound  used  in  distilling  plants  to  prevent 
*  the  formation  of  scale.  Now  called  PD-8. 

HAUDB  LEAK  DETECTOR:  A  device  that 
is  used  to  locatQ  leaks  in  refrigeration  systems. 

HANDHOLE:  An  opening  large  enough  for 
the  hand  and  arm  to  enter  areas,  such  as  the 
engine,  for  making  sli^t  repairs  and  for 
inspection  purposes. 

HARDENING:  .  The  treatment  or  heating 
and  cooliog  (quenching)  of  metal  to  harden  the 
surface. 

HARDNESS:  A  quiUty  exhibited  by  water 
containing  various  dissolved  salts,  principally 


calcium  and  magne^um  .  Hard  water  can  deposit 
a  heat  transfer  njsistant  scale  on  the  heat 
ejtchanger  sia-face. 

HEAD:  (1)  A  separate  unit  from  the  engine 
cylinder  block  desired  to  seal  the  cylinder  at 
the  combustion  end.  (2)  The  pressure  or  energy 
«»itent  of  a  hydrauiic  system,  expr^sed  in  the 
hei^t  of  a  .column  oi '  water  in  f^t. 

HEAT:  A  thermal  form  of  energy. 


HEAT  EXCHAJ^ER 
designed  to  allow  the 
fluid  (liquid  or  gas)  to 


Any  device  that  is 
transfer  of  heat  from  one 
another. 


HEATING  ^URFA<::E:  The  exposed  surface 


of  a  heating  \mit  in 


a  heat  exchanger  which  is 


directly  exposed  to  t|ie  heat  of  the  flue  gases 

HEATING  SYSTEM :  A  system  for  adding 
heat  to  maintain  the  desired  air  temperature,  as 
distinguished  .from  meat  added  incidentally  or 
un^oidably. 


HELICAL:  A 
made  by^  coil  spj 


fipiraling  shape  such  as  that 


HELIX:  The  curve  formed  on  any  cylinder 
by  a  straight  lin^  in  a  plane  that  is  wrapped 
around  the  cyUn^er  vWth  a  forward  progresapn.^ 

HELM:  (l)  /the  term  applied  to  the  tiUer^ 
wheel,  or  steering  gear,  and  also  the  rudder.' (2) 
Mechanical  deyice  used  to  turn  the  rudder; 
usually  a  whe^l  aboard  ship,  a  lever  (tilter)  in 
boats.  / 


HERTZ:  ,The  measurement  of  frequencies  in 
cycles  p^  second,  1  herk  being  equal  to  1  cycle 

per  second,^'' 

HORSEPOWER  (hp):  A  unit  for  measuring 
the  powe^  of  motors  or  engines,  equa^  to  a  rate 
of  33,0yb  foot-pounds  per  minute,  The.  force 
required' to  raise  33,000  pounds  at  the  rate  of  1 
foot  pet  minute. 

IfbT  WELL:  Reservoir  atA^^  to  the 
bottom  of  a^  condenser '  for  coUcctiag 
condemate. 
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HUMIDItV:  The  vapor  content  qf  the 
atmosphere.  Bumidity  can  vaiy  depending  on  air 
temperature;  the  higher  the  temperature,  the 
more  vapor  th^  air  can  hold. 

HUNTING:  A  Rythmic  variation  of  speed 
y^h  can-  be  eliminated  by  blocking  the  fuel 
suj^y  manually  or  with  load  limit  but  which 
wiU.rea{!^>ear  when  returned  to  governor  ctmtrol. 

HYDRAUliCSrThat  branch 'of  mechanics 
or  engineering  that  deals  with  the  action  or  us& 
of  lipids  forced  throu^  tubes  and  orifices 
under  pressure  to  operate  various  mechanisms. 

HYDROCARBON:  Chemical  compound  of 
hydrogen  and  carbon.  AU  petroleum  (fuels  are 
composed  of  hydrocarbons. 

HYDROGEN:  A  highly,  explosive,  light, 
invisible,  nonpoisonoUs  gas.  It  is  produced  in 
small  quantities  when  batteries  are  charged. 

I|YDROMEtER:  An  instrument  used  to 
determine  the  specific  gravities  of  liquids. 

HYDROSTATIC:  Static  (nonmoving) 
,j>ressurc  generated  by  pressurizing  liquid. 

HYDROSTATIC    TEST:    A    test  using 
pressurized  water  to  detect  leaks  in  a  dosed 
-  system.  , 


HYGROMETER: 
measuring  humidity. 


An    instrument  for 


■IGNITION,  COMPRESSION;  When  the  heat 
generated  by  compression  in  an 
infernal-combustion  engine  ignites  the  fuel  (as  in 
a  diesel  engine).  ' 

IGNITION,  SPARK:  When  the  mixture  of 
air  and"  fuel  in  an  intemal-combustiop  engine  is 
ignited  by  an  electric  spark  (as  in  a  gasoline 
engine).  >      '  / 

IGNITION  TEMPERATURE:  Hie  minimum 
temperature  to  which  a  fuel  must  be  heated  to 
cause  self-sustained  combusticm. 

IMPEDANCE:  Jh^  total  opposition  offered 
to  the  flow  of  an  alternating  current.  It  may 


consist   of  any  coralaination  of  resistance, 
inductive  reactance,  and  capadtive  reiictance. 

BIPELLER:  An  encased,  rotadng  element 
provided  with  van^  which,  driaivv,  in  fliud  af  the 
center  and  expel  it  at  a  high  velocity  :at  the  outer  , 
edge.  * 

^  IMPINGEMENT:  The  stnking  or  hitting 
against  an  object  with  a  clash  or  sharp  collision, 
as  air  impingjng  upon  the  rotor  pf  .a  tm-bine  or 
motor.  • 

/^IMPULSE  LINES:  Rping  that  connects  a 
senang  element  to  the  point  at  which  it  is 
desired  to  sense  pressure,  flow,  temperature,  etc. 

INDIGATORS:  Panel-moupted  pressure 
gages.  ,     4  \-. 

INDIRECT  DRIVE:  A  drive  mechanism 
Qoupled  to  the  driven  member  by  gears  or  belts. 
...     '  .' 

INDUCTION.:  The  act  or  process  of 
producing  voltages  by  the  relative  motion, of  a 
magnetic  field  across  a  cohjductor. 

JNERT:  Inactive.  Applied  to  gases  that  w;ill 
'  not  bum  or  support  combustion.  .  „  ' 

.  INERTIA:  The  tendency  of  a.body  at  rest  to 
remmn  at  rest,  and  a  body  in  motion  to  continue 
to  move  at  a  constant  speed  along  a'straight  line, 
uakss  the  body  is  acted  upon  in  either  case  by 

an  un^lrianced  force.      •  * 


INHIBITOR:  Any  Substance  which  retards, 
or  prevents  such  chemi^k  reactions  as  corrosion 
or  oxidation.  '^l      '  ^  • 

e  *  "  C 

INJECTION  NOZZLE:  A  device  wWchr 
protrudes  into  the  combustion  chamber  and 
delivers  fuel  to  the  cjijmdef .  < 

INJECTION  SY^rqi:  A  system  designed  to 
,  deliver  fuel  to  the  cylinder  at  the  proper  time 
Had  in  the  proper  quantity  Wder  various  engine 
loads  and  speeds,  .  . 

IN-UNE  ENGINE:  ^  engine  in  whidi  the 
cylinders  are  arranged  in  one  straight  line. 
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IN  *PHASE:  Applied  to  »the  condition  Ikat 
exists  when  two  waves  of  the  same  fretjUency 
pass  through  their  maximuni  and  minimum 
values  of  like  polarity  at  the  same  instant. 

INPUT  SIGNAL:  A  pressure  or  flow  of  fluid 
^ch  is  directed  into  an  input  port  to  control 
an  element  or  logic  function, 

"  ^  ■    ■  ' 

IN^ULAtION:  a  material  used'  to  retard 
heat*  transfer.    A  dielectric  material  which 
prevents  the  flow  of  electricity  from  an>  electric 
,  fiomponeht. 

<     INTAKE    SYSTEM:    Combination  of 
comptments  designied  to  supply  air  required  for 
>  combustion.  .  * 

■  ^ 

\,    •  INTEGRAL:  Essential  to  completeness,  as 
an  integral  part.  (The  valve  stem  is  an  integral 
,  part  of  the  valve.) 

INTERCOOLER:  A  device  wliich  cools  a  gas 
betw«en  the  compression  stages  of  a  multiple 
|tage  compressor. 

INTERFACE:  Surface  or  area  between 
.  abutting  parts  usually  of  different  materials.  ' 

,  V  INTERNAL^  THREAD:  A  thread  on  the 
Jmd^  of  a  member.  Example:  The  thread  inside 
a  nut. 

t  ■ 

INVERSELY:  Inverted  or  reversed  in 
position  or  relationship. 

INVERSE  PROPORTION:  The-relation  that 
exists  between  two  quantities  when  an  increase 
in  one  of  them  produces  a  corresponding 
decrease  in  the  other. 

*•     ■  . 

ISOCHRONOUS  GOVERNOR:  Maintaining  * 
•  the  speed  of  the  engine  truly  constant,  Vegardiess 
of  the  I<  • 

\..    ISONfiETRIC  DRAWING:  A  type  of  pictorial 
-  drawing.  See  ISOMETRIC  PROJECTION. 

'  ISOMETRIC  P.ROJECriOH:  A  set  of  three 
or  mQre  vic^^  of  an  object  that  appears  rotated, 
giving  the  appearance  of  viewing  the  object  from 


one'  comer.  AH  iSryss  are  shown  in  their  true 
length,  '  but    angles    are   not  accurately 
,  represented. 

JACKBOX*.  Receptacle,  usually  secured' to  a 
bulkhead,  in  Which  telephone  jacks  are 
mounted. 

JACKET;  An- outer  case  such  as  a  watey 
jacket  or  an  insulative  covering. 


i 


JACKET  WATER:  Water  used  as  coolant 
in  the  cooling  system  of  an  engine  fusually 
chemically  treated  distiUed  water).  ^ 

JACKING:  Mechanically  rotating  an  engine 
or  reduction  gear  at  ve^  low  speed.  < 

JAM  N^:  A  second  nut  used  oil  a  bolt  or 
stu<^  to  lock  the  holding  nut.  See  LOCK  NUT. 

JOB  ORDER:  An  order  issued  by  a  repair 
activity  to,  its  own  subdivision  to  perform  a 
repair  job  in  re.sponse  to  a  work  request.        '  • 

JOURNAL:  Serves  as  the  point  of  support 
and  center  of  ro^tion  for  the  shaft.  That  part  of 
a^  shaft  that  is  prepared  to  accept  a'  bearing 
(connecting  rod,  main  bearing).  - 

    * 

.  JUMPER:  Any  connecting  pipe,  hose,  or 
wire  normally  used  in  emergencies  aboard  ship 
to  bypass  damaged  sections  of  a  pipe,  a  hose,  or 
a  wire.  See  BYPASS.  • 

JURY   RIG:    Any   makeshift  device  or 
^ajiparatus.  .      '  • 

KELVIN  SCALE:  The  tern  sc^e 

using  absolute  zero  as  the  zero  point  and 

divisions,  that  are  the  same  size  as  Celsius 
degrees.             - .     -  .  -  v 

■  KEY;  A  small- wedge  or  rectangular  piece  of 
metal  inserted  in  a  slot  or  groove  between  a  ^ 
shaft  anjj  a  hub  to  pre vjnt  slippage.  ; 

KEYWAY:  A  slot  cut  in  a  shaft,  pulley  hub, 
wheel  hub,  etc.  A  square  key  is  placed  in  the  slot 
and  .engages  a  similar  keyway  in  the  mating 
piece.  The  key  prevents  slippage  -betweefi  the 
two  parts.  . 
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KILO:  A  prefix  in,eanmg  1 ,000. . 

KINETIC  ENKIGV:  The  energy  which  a 
substance  has  while  it  t$  in  motion. 

"  LABYRI>iTH  PACKING;  A  soft  metal  ring 
'  or  rings  arranged  insick  a  ca^g  throat  in  such  a" 
mariner  that  the  inside  diametric^  edg<:s  will 
form  a  -series  of^eals  along  the  surface  of  the 
rotating  shaft.  Hie  edges  fit  either,  close  to  the 
.  surface  of  the  shaft  or  in  grooves  machined  in 
the  shaft.  ' 

LAGGING:  (1)  A  protective  and  confining 
cover  placed  over  insulating  material.  (2)  A  term^ 
applied  to.the  insulating  material  that  is  fitted 
Qi^^e  cmtside  ^f  engine  exhaust,  piping,  etc.  * 

LAMBERT  SEAL:  The  hydrauUc  equivalent 
of  labyrinth  packing, 

LAP:  To  work  two  surfaces  together  v«th 
abrasives  until  a  very  close  fit  is  produced;  to 
polish.  * 

LASH: ,  The  <|earance  ^r  play  between 
adjacent  movable  mechanical  parts.  See  VAj^VE 
LASH.  ^ 

LATENT  HEAT:  Heat  that  is  given  off  or 
absorbed  by  a  substance  while  it  is  changing  its 
state.  • 

LATENT  HEAT  OF  CONDENSATION:  The 
limount  of  heat  (energy)  lequired  to  change  the 
'  state  of  a  substance  from  a  vapor  to  a  liquid 
without  a  change  in  temperature. 

LATENT  HEAT  OF  VAPORIZATION:  The 
.  amount  of  heat  (energy)  required  to  change  the 
state  pf  a  substance  frcHtt  a  liquid/to  a  vapor 
without  a  change  in  temperature. 

LEAD:;  (I)  The  distance  a  screw  thread 
advances  in  one  turn,  measured  parallel  to  the 
axis.  Oi  a  single-thread  screw  the  lead  and  the 
pitch  are  identical;  on  a  double-thread  screw  the 
..  lead  is  twice  .the  pitch;  on  a  triple-thread  screw 
the  lead  is  three  times  the  pitch.  (2)  A  wire  or 
connection. 

UFT  CHECK  VALVE:  A  valve  having  a 
guide-mounted,  spring-loaded  (iisk  wherein  a 


 \  — . 

liquid  exerting  pressure  on  the  bottom  of  the 
disk  will  lift  the  disk  and  pasis  thrai^.  Pressure . 
against  the  top  of  the  di^  shuts  the  disk  and  .  ^ 
ensures  only  one  diction  of  flow.  - 

UGHT  OFF :  Start.  Literally,  "to  start  a  fire 
in,"  as  in  "light  off  a  boUer" 

.  '  LIMIT  SWITCH:  A  Switch  that  is  fctuafed 
by  the  mechanical  motion  of  an  element. 

LIQUID:  A  form  of  matter  which  has  a 
definite,  volume  ^t  takes  the  shape  of  its 
container.         .  .   ;  •  . 

«  ■ 

.LOAD:  (1)  Extem^esistance  ov^ercbme  by 
,a  prime  mover.  (2)  The  p<Swer  that  is  beiBg 
deUveied  by  a  generator. 

LOADING:  The  act  of  transferring  enwgy 
-  into  or  out  of  a  system.  .      >  / 

.*,'*', 
LOCAL  N^ANUAL  OPERATION:  Direct 
manual  positioning  of  8,contit)l  valve  or  power ^ 
operator  by  means  of  a  handwheel  or  lever. 

,  LOCKED  TRAIN:  A  gear 'arrangement  that 
has  each  hi^-speed  (prime  mover)  pinion 
"locked"  between  two  primary  gears « which 
cancel  the  tooth  loading  on  the  pinion  bearings.  ^ 

LOCK  NUT:  (1)  A  thin  nut  that  is  turned 
down  over  the  regular  nut  on  a  bolt  to  lock  the  ^ 
regular  nut  ajgainst  turning  aii.  'See  JAM  NUT.  - 
•  (2)  A  thin  nut  placed  on  a  pipe  to  hold  packing 
at  ^  joint  or  uied  on  both  sides  of  a  bulkhead  * 
through  which  a  pipe  passes -to  secure  tightness. 

■  '  r 

LOG:  (1)  A  ship's  speedometer.  (2)  The  act 
of  a^ship  in  making  a  certain  speed,  as  "The  ^p^ 
logged  20  knots."  (3)  Book  or  ledger  in  which 
the  >yatch  officer  records  tiata  or  events  that 
occuijTed  during  the  watch.  ^  ' 

LOG  BOOK:  Any  chronological  record  of 
events,  such^as  engineering  watch  log. 

lloG  ROOM:  Engineer's  office  aboard  ship. 

LOOP  SEAL:  A  vertical  U-bcnd  in  drain 
piping  in  which  a  water  level  is  maintained  to 
create  an  airtight  seal.' 


ERIC 


519 


/ 


S3 


ENQINEMAN  3  &  2 


LUBE  OIL  PURIFIER:-X  unit  It  m  removes 
water  and  sediment  from  lubric/ting  oil  by 
cisntrifugal  force. 

LUBRICANT:  Any  material,  usually  of  a 
petroleum  nature,  such  as  greas^,  oil,  etc.  that  is 
/    placed  between  two  moving  parts  in  an  effcrt  to 
reduce  friction. 

LUG:  ■  An  eariike  *projectia;i  that  is 
frequently,  split  as  the  clamping  lug  oh  the 
t^tock  of  a  lathe. 

MACHIN ABILITY:  The  ease  with  which  a. 
metal   may  be  turned,  planed,  milled,  or 
thcrwise  Shajpcd.  ^ 

MACHINE  FINISH:  Operation  of  turning  or 
cutting  m  amount  of  stock  from  the  surface  of 
metal  to  produce  a  finished  surface. 

MAGNE3SC  FIELD:  The  spac&  in  which  a 
magnetic  force  exists.  ' 

MAGNETO:  A  generator  which  produces 
alte^ating  current  and  has  a  permanent  magnet 
as  its  field. 

MAIN  CONDENSER :  Alieat  exchanger  that 
converts  exhaust  steam  to  fecowater. 

MAIN'  DRAIN  SYSTEM^  System  used  for 
pumping  bilges;  consists  of  pumps  an^ 
associated  piping. 

s 

MAIN  "injection  (SCOOP  INjECTION): 
An  oiwung  in  the  skin  of  a  ship  desgnecKto  . 
deliver  cooling  water  to  the  main  cpndenser  fay 
the  forward  motion  of  the  ship. 

^  MAJOR  DIAMETER:  The  largest. diameter 
of  an  internal  or  external  thread. 

MALLEABILITY:  That  property  of  a 
material  v^^ch  enables  it  to  be  stamped, 
hammered,  or  rolled  into  thin  sheets. 

MANIFOLD:  (1)  A  fitting  or  bqider  that 
deceives  exhaust  gases  from  several  cylinders.  (2) 
A  fitting  that  has  several  inlets  or  outlets  to 
cany  liquids  or  gases. 


MAXIMUM  OPERATING  PRESSURE:  The 
hjgh^t  pressure  that  can  exist  in  a  system  or 
subsystem  under  normal  operating  conditi(»s. 

MAXIMUM  SYSTEM  PRESSURE:  The 
highest^i^prcsstjre  that  can  exist  in  a  system  or" 
subsyslem  during  any  conditions 

lECHANICAL  ADVANTAGE^/MA):  The 
advaiHage  (leverage)  gained  by  the  use  of  devices 
such  as  a  wheel  to  open  a  lai^ge  valve,  chahi  falls 
and  block  and  tackle  to  lift  heavy  weights,  and  ' 
wrenches  to  tighten  nuts  on  bolts. 

MECHANICAL  CLEANING:  A  method  of 
cleaning  the  firesides  of  boilers  by  sCTaping  and 
.  wirebrushing,  i 

MECHANICAL  CYCLE:  The  number  of 
piston  strokes  Incurring  dur^g  aiiv  one  series  or 
events.  (Ejtaraple:  2-stroke  or  4-str<ie  cycle.) 

MECHANICAL  DRAWING:  Scale  drawings 
of  mechanical  objects.  See  DRAWING. 

MECHANICAL  ENERGY:  Energy  derived 
from  mechariical  force  or  impact. 

MEGGER:  A  iest  instrument  used  to 
measure  insulation  resistance  and  other  high 
resistance.  It  is  a  portable  hand-operated  d.c. 
generator  used  as  an  ohnufneter.  . 

MEG(>HM:  One  mhjion  ohms. 

METALLURGY:  (iVsdence,  dealing  with 
the  COTistitutibn,  structure,  and^^properties  of 
metals  and  alloys.  (2)  The  processes  by  which 
metals  and  aUbys  are  obtained  from  ore  and 
adapted  to  use. 

METERING:  Accurate  measuring  of  the  fuel 
for  the  same  fuel  setting  where  exactly  the  same 
quantity  of  fuel  will  be  delivered  to  each 
cylinder  for  each  power  stroke  of  the  engine. 

MHO:   The   unit   of  conductancfel  the 
reciprocal  of  an  ohm. 

MICRO:  One  millionth. 

MICROMHO:  Electrical  unit  used  with 
salinity  indicators  for  measuring  the 
conductivity  of  water. 
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MILL!:  A  prefix  meaaing  one-thousandth. 

MONITORING   POINT:    The  physical 
location  at  which  any  indicating  device  displays 
the  value  of  a  parameter  at  some  control  station, 
SecT»ARAMETER. 
s  '  ■ 

.  J^OTOR:  (1)  A  rotating  machine  that 
transfc»ins  electrical  energy  into  mechanical 
energy.  (2)  An  actuator  which  converts  fluid  ^ 
power  to  rotary  mechanical  force  and  motion. 

MOTOR  CONTROLLER :  A  device  or  group 
of  devices  that  governs,  in  some  predetermined 
manner,  the  operation  of  the  motor  to  wWch  it  . 
i$c<»mected. 

MOTOR  GENERATOR  SET:  A  machine 
consisting  of  a  motor  mechanically  coupled  to  a  >/ 
generator  and  usually  mounted  on  the  samo 
,basc. 

NAVY  BOILER  ^MPOUN^*:  A  pdwdered 
chemical  mixture  tlsed  in  combination  with 
other  chemicals'  for  engine  and  boiler  water 
treatment. 


NIPPLE:  A  piece  of  pipe  that  has  an  outside 
duead  at  both  ends  for  use  in  making  pipe 
coi:inections.  Various  names ^are  ^pUed  to 
different  lengths,  as  close,  shoif,  long,  etc. 

NITROGEN:  An  inert  gas  wliich  will  not 
support  life  or  combustion.  Used  in  weapoii 
recoil  systems  and  other  sp«^ces  that  require  ah  <^ 
inert  atmosphere. 

NOMINAL  OPERATING  PRESSURE:  tTie 
approximate  pres^^e  at  which  an  essentially 
constant-pressure  system  operates.  TfiFs  pressure 
is  used  for  the  system's  basic  pressure 
identification,  -  . 

NQNFERROUS  .  METAL:  Metal  that  is 
coi^ posed  primarily  of  a  metallic  element,  or 
elements  other  than  iron. 

NORMAUZE:    To    heat    steel    to  a 
temperature  slightly  above  its  critical  point  and  , 
then  allow  it  tO  cool  slowly  in  air.  ^ 

NOZZLE:  A  taper  or  constiictiOT  used  to 
speed  up  or  direct  the  flow  of  gas  or  liquid. 


NAV^DiSTILLATE  FUEL  (ND):  Bdler  NOZZLE  AREA:  Smallest  opening  (area)  of 

fuel  used  in  steara-powered  ships;  a'fuel  t)f  the  a  nozzle  that  is^at  alright  angle  to  the  direction 

mid^e  to  hi^  distillation  range.  '  of  flow. 

NAVY  MARINE  DIESEL  FUEL  (DFM):  OCCUPATIONAL  STANDARDS: 

The  apprwed  fuel  for  Navy  diesel  engines  and  '  Requirements  that  describe  the  work  of  each 

gas  turbines.  .  '  Navy  rating. 


NEEDLE  VALVE:  Typ^of  valve  with 
rod-shaped,  nccdl^pointed  vlte/body  which 
works  into  a  valve  seat  so  shaped  that  the  needle 
point  fits  into  it_and  closes  the  passage.  Suitable 
for  precise  control  of  flow. 


NEGATIVE  CHARGE:  The  electrical  charge 
carried  by  a  body  which  has  an  excess  of 
electrons. 

NEOPRENE:  A  synthetic  rubber  highly 
resistant  to  oU,  li^t,  heat,  and  oxidaiibn. 

NIGHT  ORDER  BOOK:  A  notebook 
containing  standing  and  spedai  instructions 
from  the  engineering  officer  to  the  engineering 
officers  of  the  night  watches. 


OFFICER  OF  THE  WATCH  (00 W):  Officer 
on  duty  in  the  engineering  spaces. 

OFFSET  SECTION:  A  section  view  of  two 
or  more  planes  in  an  object  to  show  features 
that  do  not  lie  in.  the  same  plane. 

OHM:  The  unit  of  electri^  resistance. 

OHMMETER:  An  instrument  for  directly 
measuring  resistance  in  ohms. 

OIL  KING:  A  petty  officer  who  receives, 
transfers,  discharges,  and  tests  fuel  oil  and 
maintains  fuel  oil  records. 

OIL  POLLUTION  ACTS:  The  CHI  PoUuticHi 
Act  of  1924  (as  amended)  and  the  Oil  Polution 
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Act  of   1961    (as  amended)  prohibit  the 
.  overboard  discharge  of  oU  or  wgter  which 
ccsitains  oil,  in  port,  in  a^y  sea  area  within  50 
miles  of  land,  and  in  special  prohibited  zones. 

OIL  STRAINER:  A  strainer  p^ccd  at  the 
inlet  end  of  the  oil  pump  to  prevent  dirt  ^d 
other  particles  from  getting  into  moving  parte. 

OILTIGHT:  Having  the  property  of  resisting 
the.passage  of  oil.  ^  ' 

ONBOARiyPLANS:  S«!  SHIP*S  PLANS. 

OPERATING  CHARACTERISTICS:  The 
combination  of  a  parameter  and  its  set  points- 
Sec  PARAMETER. 

OPERATING  PRESSURE:  The  constant 
pressure  at  wliich  a  component  is  deigned  to 
operate  in  ^rvice. 

ti 

OPERATING  TEMPERATURE:  The  actual 
temperature  of  a  component  during  operation. 

OPERATION  (AUTOMATIC):  The 
regulation  of  a  process  by  a  controlling  system 
vwthout  manual  intervention. 

OPERATION  (f  OCAL-MANUAL): 
Positioning  of  a  final  control  element  by 
attending  personnel  from  the  element's  manual 
control  station^. 

ORIFICE:  A  circular  opening  in  a  flow 
passa^  \Mch  acts  as  a  flow  restriction. 

OSCILLATION:  A  backvi^afd'  and  forward 
motion;  a  vibration. 

OTTO  COMBUSTION  CYCLE:  Combustion 
induced  by  spark  ignition  occurring  at  constant 
volume.  The  basic  combustion  cycle  of  a 
gasoline  engine. 

,  OUTPUT  SIGNAL:  The  pressure  or  flow  of 
fluid  leaving  the  output  port  of  a  fluidic  device. 

OVERHAUL:  To  inspect,  repair,  and  put  in 
proper  condition  for  operation. 

OVERLOAD:  A  load  greater  than  t|ie  rated 
load  of  an  engine  or  electrical  device. 


«  OXIDATION:  The  *  process  of  various 
elements  and  compounds  combining  With 
oxygen.  The  corr<Mion  of  metals  is  generally  a 
form  of  oxidation;  rust  on  iron,  for  example,  is 
iron  oxide  or  oxidation. 

OXYGEN-FREE  FEEDWATER:  Water  from 
which  dissolved  oxygen  has  been  removed. 

PACKING:  A  class  of  seal  that  provides- a 
seal  between  two  parte  of  a  unit  which  move  in 
^latioii  to  each  other. 

PANT,  PANTING:  A  series  of  pulsations 
'Caused  by  minor,  recurrent  explosions  in  the 
firebox  of  a  ship's  boiler.  Usually  caused  by  a 
shortage  of  air.  • 
".\  .       •  ' 

PARALLiEL  CIRCUIT:  An  electrical  circuit 
with  two  or  more  resistance  or  impedance  units 
connected  to  split  the  current  flow  through  both 
units  at  the  same  time. 

.  PARALLEL  OPERATION:  Two  or  mow 
units  (H>erating  simultaneously  and  connected  so 
their  output  forms  a  commcKi  supply,  as 
opposed  to  «ries  or  independent  operation. 

PARAMETER:'  A  variable  such  as 
temperature,  pressure,  flow  rate,  vdtage, 
current,  frequency,  etc.  which  may  be  indicated, 
monitored,  checked  or  sensed  in  any  way  during 

operation  or  testing. 

PARTIAL  SECTION:  A  sectional  vi?w 
consisting  of  less  than  a  half-secticm.  Used  to 
show  the  internal  structure  of  a  small  portion  of 
an  object.  Also  known  as  broken  section. 

PARTICULATE:  Minute  particle  or 
quantities  of  solid  matter  resulting  from 
incomplete  combustion.  C!arbon,  sulphur,  ash, 
and  various  other  compounds  are  all  refened  to 
as  particulate,  either  collectively  or  individually, 
when  discharged  into  a  flue  or  into  the 
atmosphere/ 

PERIPHERY:  (1)  The  curved  Unc  which 
forms  the  boundary  of  a  circle  (circumfefrace), 
ellipse,  or  similar  figure.  (2)  The  outside  surface, 
especially  that  of  a  rounded  object  or  body. 
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pH  :  A  chemistry  term  tint  .  denotes  the 
degree  of  addity  or  alkaUnity  of  a  soiiitioii.  The 
pH  of  water  solution  may  have  any  value 
between  0  and  14.  A  soluticst  with  a  pH  of  7  is 
neutral.  Above  7»  it  is  alkaitne;  bebw  1,  it  is 
acidic. 

PHANTOM  VIEW:  A  view  showing  the 
alternate  position  of  a  movable  object,  using  a 
broken  line  conventicai. 

PHASE:  An  impulse  of  alternating  current 
The  number  of  phases  depends  on  the  generator 
windings.   Most  large  generators  produce  a 
3-phase  current  which  must  be  carried  on,  at 
least  thn»  wires. 

PHYSICAL  CHANGE:  A  change  whidi  does 
not  alter  the  composition  of  the  mdecules  of  a 
substan(^i  such  as  from  gaii,  to  liquid.  ' 

PICTORIAL  DRAWING:  A  drawing  which 
gives  the  real  appearance  of  an  object,  showing 
genefal  location,  functicoi,  and  appearance  of 
parts  and  assemblies. 

PILOT  VALVE:  A  small  valve  disk  and  seat, 
unuilly  lo(;ated  within  a  larger  disk,  which 
controls  the  operation  of  Nitiolher  vsdve  or 
system.  \ 

PILOT  ^  VALVE  (governor):  A  hydraulic 
control  valve  which  repiiates  hydraulic  pressure 
to  a  piston  and  cylinder. 

WNION:  A  gear  that  m^hes  with  a  larger 
gear, 

-PIPE:  A  tube  or  hollow  body  for  conducting 
a  liquid  or  gas.  Dimensions  of  a  pipe  are 
desgnated  by  nominal  (approximate)  outside 
diameter  (OD)  and  wall  thidcness. 

PIPING:  An  assembly  of  pipe  or  tubing, 
valves,  and  fittings  that  fomis  the  tran^ening 
part  of  a  system. 

^  PISTON:  A  principal  part  of  the  power 
transmitting  assembly  of  a  reciprocating  pump 
or  intemal-ccanbustion  engine.  It  is  usually 
cylindrical  in  shape  and  slides  up  and  down  in  a 


hoUow  cylinder 
proasure  to  mechani 


engine 
force. 


it  converts  gas 


PISTON  RING:  A  springy  split  metal  ring 
ixa:  sealing  t|iie  gap  between  a  piston  aiui  the 
cyltndei 


PITCH  :  A  term  at^lied  to  (1)  the  distance  a 
propeller  will  Idvance  during  one  revolution;  (2) 
the  distance  between  the  centers  of  the  teeth  of 
a  gear  wheel;  (3)  the  axial  advance  of  one 
cwivolution  of  the  thread  m  a  uixew;  (4)  the 
spadng  of  rivets,  etc. 

PITTING:  Tlie  localized  corrosion  of  iron 
and  steel  in  spoU,  usually  caused  by 
irregularities  in  surface  finish  and  resulting  in 
small  indentations  Or  pits. 

PLAN  VIEW:  A  view  of  an  object  or  area  as 
it  w(Hild  appear  from  directly  above. 

PLUG<X)CK:  A  valve  that  has  a  rotating 
plug  which  is  drilled  for  the  pass^  of  fluid. 

•  -  ^ 

PLUNGER:  See  RAM  TYPE  CYLINDER. 

PNEUMATIC:  Driven,  or  operated,  by  air 
pjrssure. 

PNEUMATICS:  That  branch  of  physics 
pertaining  to  the  pressure  and  flow  of  gases. 

PNEUMEkCATOR:  A  type  of  manometer 
.  that  measures  the  volume  of  liquid  in  tanks. 

POSITIVE  CHARGE:  The  electrical  charge 
carried  by  a  body  which  has  become  deficient  in 
electrons..  » 

POLE:  (1)  Tlie  section  of  a  magnet  where 
the  flux  lines  are  concentrated;  also' where  they 
enter  and  leave  the  magnet.  (2)  An  electrode  pf 
a  battery. 

POTABLE  WATER:  Water  that  is  suitable, 
for  drinking.  The  potable  water  system  supplies, 
scuttlebutts,  sinks,  showers,  sculleries,  and 
galleys,  as  well  as  provides  makeup  water  for 
various  freshwater  cooling  systems. 
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,  '  POTENTIAL;  The  amount  of  charge  held  by/ 
a  body  as  compared  to  another  point  or  body^ 
Usually  measured  in  volts.  ' 

POTENTIAL  ENERGY:  (1)  Encr©?  at  rest; 
stored  energy.  (2)  The  energy  a  substance  has 
because  of  its  position,  its  condition,  ot  its 
ch«nical  composition. 

POWER:  The  rate  of  doing  work  or  the  rate  , 
of  expending  energy.  The  "unit  of  electrical 
power  is  the  watt;  the  unit  of  mechanical  power 
is  horsepower. 

PPM  (partjr  per  million):  Concentration  of 
the  number  of  parts  of  a  substance  dissolve  in  a 
million  parts  of  another  substance.  Used  to 
measure  the  salt  content  of  water.  If  1  p«und  of- 
sea  salt  were  dissolved  in  1 ,000,000  pounds  of 
water,  the  sea  salt  concentration  would  be  1 .00 
ppm.  • 

PRESSURE:  The  amount  of  force 
distributed  over  each  unit  of  area.  Pressure  is 
expressed  in  pounds  per  square  inch  (psi), 
atmospheric  units,  or  kilograms  per  square 
centimeter,  inches  of  mercury,  and  other  .ways. 

PRESSURE  DIFFERENTIAL:  The 
difference  in  pressure  between  any  two  points  of 
a  system  or  a  component. 

PRESSURE  RELIEF  VALVE:  A  valve 
designed  to  open,  when  pressure  in  the  system 
exceeds  a  certain  limit. 

PRESSURE  SWITCH:  An  electrical  switch 
operated  by  the  increase  and  decrease  of 
pressure. 

PRESSURE-TIME  FUEL  SYSTEM:  A 
.system  in  which  fuel  is  injected  into  the 
cylinders  at  a  specific  pressure  in  separately 
timed  events. 


'  PRIMARY  SENSING  ELEMENT:  The 
control  component  that  transforms  energy  from 
the  controlled  medium  to  produce  a  signal 
which  is  a  function  of  the  value  of  the 
controlled  variable. 


PRIME  MOVER:  (1)  The  source  of 
motion-as  a  diesel  engine.  (2)  The  source  of 
mechanical  power  used  tb  drive  a  punip  or 
compreKor.  (3)  The  source  of  mechanical  power 
used  to  drive  the  rotor  of  a  generator. 

PRIMING:  To  fiU,  load,  put  in  working 
order  (filling  a  fuel  system  with  fuel,  a  pump 
with  water). 

,  '  PROMPTNESS:  Tiie  time  it  takes  a  governor 
to  move  the  fuel  control  from  a  no  load  position 
to  a  full  load  position.  '  ■ 

Y^^OPELLER:  A  propulsive  -  device 
consisting  of  a  boss  or  hub  carrying  two  or  mcax 
radial  blades.  Also  called  a  SCREW. 

PROPELLER  ARCH:  The  arched  section  of 
the  stem  frame  above  the  propeller. « 

PROPELLER  GUARD:  A  framework  fitted 
somewhat  below  the  deck  Une:*^^f^,Jiarrow, 
high-speed  vessels  with  large  screws,  designed  to. 
overhang  and  thus  protect  the  tips  of  the 
propeller  blades. 

PROPELLER  THRUm  The  effort 
delivered  by  a  propeller  in  j^ushing  a  vessel 
ahead.  ^ 

PROPULSION    PLANT:    The  entire 
propulsion  plant  or  system,  including  prime 
*  movers  and  those  auxiliaries  essential  to  their 
operation. 

PSYCHROMETER:  A  form  of  hygrometer 

consisting  of  a  w^t  and  a  dry  bulb  thermometer. 

PULSATION:  A  rhythmical  throbbing  or 
vibrating. 

✓  ■ 

PUMP:  (1)  A  device  which  converts 
mechanical  energy  into  fluid  energy.  (2)  A 
device  that  raises,  transfers,  or  compresses  fluids 
or  gases. 

PUMP  CAPACITY:  The  amount  of  fluid  a 
pump  can  move  in  a  giveiPpe^^  of  time, 

usually  stated  in  gallons  per  minute  (fcm). 
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PUMP  RISER:  The  s&ctxm  of  piping  from 
the  pump  discharge  valv^  to      piping  main. 

PURGE:  To  make  free  of  an  unwanted 
substance.  {As  to  bleed  air  out  of  a  fuel  system).^ 

PUtlPLE-K-POWDER  (PKP):  A  purple 
powder  comiK>sed  of  potassium  bicarbonate  that 
is  used  on  class  B  fires.  Can  be  used  olTClass  C 
fires;  however,  CO^  is  a  better  agent  for  such 
ele&trieal  fires  because  it  leaves  no  residue. 

^  PYROMETER:  A  device  for  measuring  high 
temperatures  such  as  the  exhaust  temperature  of 
an  internal-combustion  engine. 

QUALS  MANUAlI:  See  Manual  of  Navy 
Enlisted  Manpower  and  Personnel  Classifications 
and  Occupational  Standards,  NAVPERS  18068 
with  changes. 

QUARTERMAN:  An  underforeman;  a  term 
generally  restricted  to  Navy  yards. 

RACE  (bearing):  Tlie  inner  or  outer  ring 
that  provides  a  contact  surface  for  the  balls  or 
rollers  in  a  be^ng. 
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RADIAL  BEARINGS:  Bearings  designed  to 
carry  loads  applied  in  a  plant  perpendicular  to 
the  axis  of  the  shaft  and  usec^to  prevent 
movement  in  a  radial  direction. 


RADIAL  THRUST  BEARINGS:  Bearings 
designed  to  carry  a  combination  of  r^ial  and 
thrust  loads.  The  loads  are  applied  both  radially 
and  anally  with  a  resultant  angular  component. 

RADIANT  HEAT:  Heat  transferred  without 
phy^cal  contact  between  the  emitting  region 
and  the  receiving  region . 

RADIUS:  A  strai^t  line  from  the  center  of 
a  circle  or  sphere  to  its  circumference  pr  surface. 

RAM  TYPE  CYLINofe:  A  fluidic  actuating 
cylinder  in  which  the  crc^s^ctional  area  of  the 
piston  rod  is  more  than  one-half  the 
cross-sectional  area  of  the  movable  piston-like 
element.  The  piston  used  is  also  referred  to  as  a 
PLUN^R. 


RATE  ACTION:  That  action  of  a 'control 
system  component  whose  output  is  proportional 
to  the  rate  of  change  in  its  input  for  slowly 
changing  signals  and  proportional  to  the  input 
for  rapidly  changing^ig^s.  «^ 

RATId:  The  value  obtained  by  dividing  one 
number  by  another,  indicating  thejir  relative 
.  proportions. 

RAW  WATER:  Untfeated  water  used  for 
cooling. 

REACH  ROD:  A  length  of  pipe,  or  bar  stock 
used  as  extension  on  valve  sti^ps* 

RECEIVER:  (1)  A  container  in  which 
compress^  gas  is  stored  to*  supply  pneumatic 
power.  (2)  A  reservoir  for  pressure  refrigerant. 

RECEIVER  INDICATOR:  Pressure-sensitive 
instnuneiit  indicating  the-  loading  pressure 
signals  in  percental . 

RECIPROCATING:  Moving  back  and  forth, 
as  a  piston  reciprocating  in  a  cylinder. 

'  REDUCER:  ( \)  Any  coupling  or  fitting  that 
connects  a  lai^  opening  to  a  smaller  pipe  or 
hose.  (2)  A  device  that  reduces  pressure  in  a 
fluid  (gas«gf4iquid)  system. 
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REDUCINtJ  STATION:  An  assembly 
consisting  of  a  reducing  valve,  isolation  valves, 
and  bypass  valves  for  the  reducer. 

REDUCING  VALVES:  Automatic  valves 
that  provide  a  steady  pressure  lower  than  the 
supply  pressure. 

REDUCTION  GEAR:  An  arrangement  of 

shafts  and  gears  such  that  the  number  of  ✓ 

revolutions  of  tlie  output  shaft  is  less  than  that'^ 

of  the  input  shaft-generally  used  between  a 

prime  mover  and  the  propeller  shaft; 

,  -•t       .  ■ 

REEFER:  (ij  A  prpvision  cargo  ship  or  a 
refrigerated  compartment.  (2)  "An  authorized 
abbreviation  for  refrigerator. 

54? 


REFRIGERANT  12  (R-I2):  A 
iiotipoisonous  gas  used  in  air  conditioning  and 
lefngeratioii  systems.  One  of  a  series  of 
fluofocartKm^frigenmts. 

REFRIGERATION  TON:  Unit  of  measure 
for  the  amount  of  heat  removed,  equal  to 
1 2.000  Btu  per  hour. 

REGULATOR  (gas):  An  instniment  that 
ccmtrols  the  flow  of  gases  from  compressed 
cylinders. 

RELATIVE  HUMIDITY:  The  ratio  of  me 
weight  of  water  vapor  in  a  quantity  of  air  to  the 
It  of  water  vapor  which  that  Juan tity  of  air 
>uld    hold    if  saturated   at/ the  existing 
temperature.  UsuaHy  expr^edits  a  percental ; 
for  example,  if  air  is  holding  h«f  the  moisture  it 
'  is  capable  of  holding  at  the  ^^^ting  temperature, 
the  relative  humidity  is  50 


RELAY: 
that  ms 
circuit, 


A ^jae^etically  operated  ^witch 
breaks  the,  flow  of  current  in  a 


RELIEF  VALVE:  A  pressure  co|itroI  valve 
used  to  limit  system  pressure.  j 

REMOTE  OPERATING  GEfR:  Flexible 
cables  or  shafts  attached  to  valve  wheels  so  the 
valves  can  be  operated  from  another 
compartment. 

RESERVOIR:  A  container  which  serves 
primarily  as  a  supply  source«<of  the  liquid  fof  a 
hydraulic  system. 

RESISTANCE:  The  opposition  f6  the  flow 
of  current  caused  by  the  nature  and  physical 
dimensions  of  a  conductor. 

RESPONSE  TIME:  The  time  lag  betyveen  a 
signal  input  and  fhc  resulting  change  of  output 

RESTRICTION;  A  reduced  cross-sectional 
area  in  a  line  or  passage  which  reduces  the  rate 
of  flow. 


RHEOSTAT:  A  variable  resistor.  Similar  in 
function  and  construction  to  a  potentiometer. 

RISER:  A  vertical  pipe  leading-off  a  lai^e 
one ;  for  example,  fire  main  line. 

R0CK£R  ARM:  Part  of  the  valve  actuating 
m^.hanism  of  a  reciprocating  engine. 

i^JOOT:  The  surface  of  the  thread 
corresponding  tf|i  the  minor  diameter  of  an 
external  thread  and  the  m^or  diameter  of  an 
internal  thread.  j  • 

ROOT  VALVE:  A  valve  located  where  a 
branch  line  comes  off  the  main  line. 

ROTOR:  The  mtating  element  of  a  motor, 
pump,  or  tiu-bineV^ 

■  RUDDER  STOCK:  A  vertical  shaft  that  has 
^  a  ruddet  attached  to  its  lowc^  end  and  a  yoke, 
quadrant,  or  tiller  fitted  to  its  iipper  poJrtion  by 
which  it  may  be  turned. 

RUDDER  STOPS:  Fittings  attached  to  th^ 
ship  structure  or  to  shoulders  on  the  rudder  post 
to  limit  the  swing  of  th(|  rudder. 

SAFETY  VALVE:  automatic,  quick 
opening  and  cloang  valve  which  'has  a  rwet 
pressure  lower  than  the  lift  pressure. 

SALINE/SAUNITY:  (1)  Constituting,  or 
characteristic  of  salt.  (2)  Relative  salt  content  of 
water. 

SALINOMETER:  A  hydrometer  that 
measures  the  concentration  of  salt  in  a  solution. 

SATURATED  AIR:  Air  that  attains  the 
maximum  amcaxnt  of  moisture  it  can- hold  at  a 
specified  temj^ature. 

SATURATED  STEAM:  Steam  at  the 
saturation  temperature. 


RETURN  LINE:  A  line  used  for  returning 
fluid  to  the  reservcHf  or  atmosphere. 


SATURATION  PRESSURE:  The  pressure 
corresponding  to  the  saturation  temperature. 
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SATURATION  TEMPERATURE:  The 
temperature  at  which  a  liquid  boils  under  a  given 

tressure.  JFot  a  given  pressure  there  is  a 
orresponding  saturation  temperature. 

SAYBOLT  VISCOSIMETER:  An  instrument 
that  determines .  t}ie  fkniity  or  viscosity 
(resistance  to  flow)  of  an  oil.  — 

SCALE:  Undesirable  deposit,  mostly 
calcium  sulfate,  which  forms  in  the  tubes  of 
boilers. 

SCAVENGING  AIR:  Increased  amount  of 
air  available  as  a  result  of  blower  action  used  to 
fill  an  engine  cylinder  with  a  fresh  charge  of  air 
and,  during  the  process,  to  aid  in  clearing  the 
cylinder  of  the  gases  of  combustion. 

SCHEMATIC  DIAGRAM;  A  diagram  using 
graphic  symbds  tqj^iow  how  a  circuit  functions 
electrically. 


SCRteW:  See  PROPELLER. 

SEA  CH3ST:  An  arrangement  for  supplying 
seawater  to  engines,  condensers,  and  pumj^  and 
for  discharging  waste  water  from  the  ship  to  the 
sea.  It  is  a  cast  Htting  or  a  built-up  structure 
located  below  the  waterUne  of  the  vessel  and 
having  means  for  attachment  of  thfe  piping. 
Suction  sea  chests  are  fitted  with  strainers  or 
gratings. 

^EA  C(i)CK,  SEA  CONNECTION:  A  sea 
valve  secured  to  the  plating  of  the. vessel  below 
the  waterline  for  use  in  flooding  tanks, 
magazines,  etc.  to  supply  water  to  pumps  and  tor 
similar  purposes.  k^I^ 

S£AWATER:  Thcpatfer  in  the  sea.  Seawater 
is  an  aqueous  solutieft  of  various  minerals  and 
s^ts  ^chlorides).  U\  suspension  also,  but  not 
dissolved  in  the  y/ater,  may  be  various  types  of 
vegetable  and  ani/nal  growths,  including  in  many 
cases  Ibacteria  an^  organisins  harmful  or  actually 
dangerous  to  he^th. 

SECTI05I:  A  view  showing  internal  features 
as  if  the  viewed  ob^tct  has  beenr  cut  or  sectioned, 
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SEDIMENT:  An  accumulation  of  matter 
which  settles  to  the  bottom  of  a  liquid. 

SENSIBLE  HEAT:  Heat  that  is  given  ofiT  or 
absorl^d  by  a  substance  without  changing  its 
state. 

SENSING  POINT:  (1)  The  physical  and/or 
functional  point  in  a  system  at  which  a  signal 
may  be  detected  and  moiiitored  or  may  cause 
some  automatic  operation  to  result.  (2)  Where 
parameters  are  determined, 

SENSITIVITY:  The  change  in  speed 
required  before  the  gov^or  will  make  a 
corrective  movement. 

SENSOR:  A  component  that  senses  physical 
variables  ^d  produces  a  signal  to  be  observed  or 
to  actuate  other  elements  in  a  control  $y$te;n. 
Tenipefature,  sound,  pressure  and  pc^tion 
sensors  are  examples. 

SENTINEL  VALVE:  A  relief  valve  designed 
to  emit  aaJ^audibte  sound;  does^  not  have 
substantial  pressure-relieving  capacity,  ^ 

SEPARATOR:  A  trap  for  removing  oil  and 
J^water  from  compressed  gas  before  it  can  collect 
in  the  Hhes  or  interfere  with  the  •  efficient 
operation  of  pneumatic  systems. 

SERVICE  TANKS:  Tanks  in  which  fluids 
for  use  in  the  service  systertis  are  stored.  Also 
DAY  TANK. 

SERVO:  A  device  used  to  convert*  a  small 
movement  into  a  greater  movement  or  force. 

SET  POINT:  The  level  or  Value  at  which  a 
controlled  variable  is  to  be  maintained, 

SETSCREW:  A  machine  screw  with  a 
slotted,  alien,  or  square  head  used  to  hold  a  part 
in  pmc^. 

SHAFT  \lLEY:  A  watertight  passage, 
housing  the  propeller  shafting  from  the 
eni^eroom  to  the  bulkhead  at  which  the  stem 
tube  commcaices. 
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"SHAFT/SHAFTING:    The  cylindrical 
forgingf  solid  or  tubular,  used  for  transmission 
of  rotaiy  motion  /romUhe  somsx  of  power,  the 
V  engine,  to  the  propellers. 

used  to  true  up  a  machine  or  inserted  in  bearinss 
to  permit  adjustipent  after  wear  of  the  bearing. 

.         gOPS  PLANS:  A  set  of  drawings  of  all 
\^3^*«jcant  construction  features  and  equipment 
of  a  ship,  as  needed  to  operate  and  maintain  the 
ship.  Also  called  QNBOARD  PLANS. 

SHORE  , WATER:  A  broad  term  for 
classifying  water  origina-fih'g  from  a  source 
ashore. 

.         SHUTOFF  VALVE:  A  valve  which* operates 
fully  open  or  fully  closed. 

SIMPLEX  PUMj^:  A  pump  that  has  only  one 
liquid  cylinder. 

:.    ■  SLEEVE:  A  casing  fittetf  over  a  line-dr  sRaR ' 
for  protecticm  against  wear  or  corrosion. 

SOLENOID:  An  electromagnetic  coil  that' 
contains  a  movable  plunger. 

SOLID  COUPLING:  A  device  that  joins  two 
-  shafts  rigidly. 

SOUNDING  PIPE  or  SOUNDING  TUBE:  A 
vertical  pipe  in  an  oil  or  water  tank,  used  to 
guide  a  sounding  device  during  measurement  of 
the  depth  of  liquid  in  the  tank, 

SPECIFIC  GRAVITY:  The  ratio  of /the 
weight  of  a  given  volume  of  any  substance  tolhe 
weight  of  an  eqi^l  volume  of  distilled 
'  Since  the  distilled  water  wei^s  approximately 
62.4  pounds  per  cubic  foot,  any  substance 
which  weighs  less  than  this  has  a  specific  gravity 
,  of  less  than  one  and  will  float  on  water.  Any 
substance  pf  jgreater  wei^t  per  cubic  foot  has  a 
specific  gravity  of  more  than  one  and  will  sirik. 
Specific  gravity  of  gases  is  based  in  a  like  manner 
on  yrc  wei^t  of  air. 


;  SPECIFIC  HEAT:  The  amount  of  heat 
required  to  raise  the  temperature  of  1  pound  of 
a'  substance  1°F.  All  substances  $xe  compared  to 
water  which  has  a  specific  heat  of  1  Btu/lb/**F. 

SPEED  DROOE:  A  progressive  drop  in  speed 
as  load  is  picked  up  by  the  prime  mover  from  no' 
load  to  full  load  without  manually  changing  the 
speed  setting. 

SPEED-LIMITING  GOVERNOR:  A  device 
for  limiting  the  speed  6f  a  prime  mover. 

SPEED-REGULATING   GOVERNOR:  A 

device  that  maintains  a  constant  speed  on  an 
engine  th^  is  operating  under  varying  load " 
conditions.  ^  ' 

•J  \ 

^  SPLIT  PLANT:  A  method  of  operating 
propulsion  plants  so  that  they  are  divided  into 
two  or  more  separate  and  complete  units. 

SPRING  BEARINGS:  Bearings  positioned  at 
varying  intervals  along  a  propulsion  shaft  to  help 
ke§£jt_iii  alignment  and  to  ^pport  its  weight. , 

,    STABILITY:  The  ability  of  a  govemoi*'  to 
correct  a  speed  disturbance  with  a  minimum  of*^ 
corrective  motions. 

JSTACK:  ShipboanJ  chimney. 

STANDBY  EQUIPMENT:  Two  auxiUaries 
that  perform  one  function.  When  one  auxiliary 
n  running,  the  standby  is  so  connected  that  it" 
may  be  started  if  the  first  fails. 

STATOR:  The  stationary  element  of  a 
motor  or  generiitor. 

STEAM:  Vapor  of  water;  invisible,  odorless, 
tasteless,  and  usually  under  greater  than 
atmospheric  pressure. 


STEERING  ENGINE: 
turns  the^dder. 


The  machinery  that 


STEERING  GEAR:  A  term  applied  to  the 
steering  wheels,  leads,  steering  engine,  and 
fittings  by  which  the  rudder  is  turned. 
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STC^TOOTHED  LABYRINTH:  Ubyrinth 
type  pac]dng  having  each  alternate  tooth  ring 
installed  on  the  shaft  and  nmning  in  close 
proximity  to  the  fixed  packing  ring. 

'  ^  .  ' 

STERN  TUBE:  (1)  The  bearing  supporting, 
the  i?ropeller  shaft  where  it  emeri^  from  the 
ship.  (2)  A  watertight  enclosure  for  the  propeller 
shaft  ■ 

STERN  TUBE  FLUSHING  WATER:  Water 
circulated  throu^  the  stem  tube  from  inboard 
to  prevent  accumulation  of  debris  in  thte  stem 
tube  while  the  ship  is  at  rest  or  backing  down. 

.  STUFfiNG  BOX:  A  device  to  prevent 
jieakage  between  a  moving  and  a  fixfd  pi^. 


SUMP:  A  container/  c^mpai^ent, :  or 
reservoir  used  as  a  drain  or  reopptade  for Engine 
oil.  .  •  y 

»  .  .  "  ■ 

SUPERCHARGE:  To  Kippiy  a  charge  of  air 
at  a  pressure  higher,  t^  t|iat  of  the  surrounding 
atmfiiphcrc. 

SUPERCHARGER:  A  device  for  increasing 
the  volume  of  the  air  charge  of  an 
internal-combustion  engine. 

SUPERHEAT:  Amount  of  heat  applwd  to 
vapor  to  raise  its  temperature  -^boye  the 
saturation  temperature,  while  maintaining 
constant  pr^ure.  '  ^ 

SUPPLY  AIR:  Comi^esscd  j^rTequired  fof\. 


dose  the  valve,  ensuing  only  one  direction  of 
flow.  — 

SWITCHBOARD:  A  panel^  or  group  of 
panels  with  automatic  protective  devicesj  used 
to  distribute  the  electrical  power  throu|^out4he 
ship.  \ 

SYNCHRONIZE:  To  make  two  or  more 
events  or  operations  occur  at  the  proper  time 
with  respect  to  each  other.  To  adjust  two 
engines  to  run  at  the  same  speed.  ^ 

SYNTHRON  SEAL:  A  rubber  strip  seal 
installed  on  the  shaft  to  prevent  seawater  from 
leaking  into  the  ship  along  the  shaft. 

TACHOMETER:  An  instrument  for 
mdicating  revolutions  per  minute.: 

TAIL  SHAFT:  The  aft  section  of  the  shaft 
which  receives  the  propeller. 

TAKE  LEADS:  A  method  of  determining 
bearing  and  other  clearance.  Mostly  replaced  by 
other  methods  such  as  platigage  and  bearing 
shell  thickness  measurem(mts. 

'  TDC  (top  dead  center):  The  position  of  a 
reciprocating  piston  at  its  uppermost  point  of 
travel.  .  -  V 

TEFLON:  A  plastic  ^with  excellent 
^If-lubricating  bearing  properties. 

TBtEGRAPH:    An    apparatus,  either 


the  proper  operation  of  ^.pfieumatic  \<^t|ol  eki^ 

components.  '      ,      .     -  as  :^jpm-  a  ship's  bridge  to  the  engineroom, 

st^eriiii^  gear  rpom,  or  elsewhere  about  the  ship. 


SURQING:  A  rhythmic  variation  of  speed  of 
an  engine  which  can  be  eliminated  by  blocking 
the  fuel  supply  manually  or  with  load  limit  Md 
whi9h,  will  not  reappear  when  returned>to, 
governor  c(xitrol  unless  the  spe^  a4justment  is 
changed  or  the  load  changes. 

S^G  CHECK  VALVE:  A  valve  that  has  a 
guide-mounted  disk  swung  from  the  top  by  a 
horizontal  pin.  A  liquid  exerting  prei^re  against 
the  disk  will  cause  it  to  01$^,  allowing  a  flow. 
Pressure  exerted  in  the  opposite  direction  wiU 


TfeiylMOTOR:  A  device  for  operating  the 
storing' engine  from  the  pilothouse  by  means  of 
^|p|fcer  fU^  pressure  or  electricity. 

TEMPER.;.  To  harden  steel  by  heating  and 
sudden  cooing  by  immession  in  oil,  water,  or 
other  ooolant.  .  - 

TENSILE  STRENGTH:  The  measure  oT?^ 
material's  ability  to.  withstand  a  tensile;  or 
pulling,  stresis  without  rupture,  usually  measured 
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in  p<Hinds  or  tons  per  square  inch  of  cross 
section. 

THERMAL  ENERGY:  Energy  contained  in, 
or  derived  from,  heat  .  ' 

THERMAL  EXPANSION:  Tlic  increase  in 
•volume       a /substance  due  to  temperature 
change. 

4. 

THERMOCOUPLE:  (1)  A  bimctaUic ^device 
capable  of  producing  an  electromotive  force 
rcHt's^y  proportional  to  temi^rature  difference 
on  its  hot  and  j^dd  junction  ends  and  used  in  the 
measurement  of  elevilfcrt^peratures.  (2)  A 
juncticxi  of  two  di^imij^^etals.  that  produce  a 
voltage  when  heated. 

.•  * 

THREAD:  The  spiral  part  of  a  screw*. 

THROAT:  Opening  in  the  cylinder  block 
throughjvhich  the  cran^alt  end.  is  extended. 


tllROTTLEMAN:  Personyin  the  engineroora 
engird 


operates  the  throttles  to  coi\trQl  the  main 
les. 


THROTTLE  VALVE:  A  type'  of  valve 
especially  designed  to  control  rate  of.  flow. 

THROTTLING:'  Operating  a  valve  partiaUy 
open  to  produce  a  ^essure^,^  with  flow. 

THRUST  BEARINGS:  Bearings  that  Umit 
the  axial  Oongitudinal)  movemott  of  the  shaft. 

TILLER:  An  arm  attached  to  the  rudder 
head  for  operating  the  rudder. 


TOLERANCE:  The  amount  that  a 
manufactured  part  may  vary  from  its  specified 
size.  /  . 


tool: 


TOOL  POST:  A  rigid  support  for  the  cutting 


TORQUE:  A  force  or  combination  of  forces 
^t  produces  or  tends  to  produce  a  twisting^  or 
rotary  motion. 

TOUGHN^:  The  property  of  a  material 
which  erafbies  it  to  withstand  ^ock  as  well  as  to 
be  deformed  without  breaking. 

^  TRANSDUCER:  A  device  \  that  converts 
Signals  received  jn  one  medium  mto  outputs  in 
/some  other  medium;  for  example,  electrical 
inputs  to  fluidic  outputs. 

TB^«i^ER  VALVE:  ManuaU>\  operated 
direction  valve  used  to  switch  automatic  ccntrd 
systems  fromi  automatic  to  manual  opcraidon 
,  and  vi(»  versa.  .      .    ^  \  * 

TRANSFORMER:  A  device  composed  \of 
two  or  more  cdls,  linked  by  magnetic  lines  ^ipf 
force,  u^  to  transfer  energy  ^om  one  drcmt 
to  aiKother.  Ajlso,  an  electrical  device  used  to 
step  up  or  step  down  an  a.c.  volta^. 

TRANSMISSION:  A  device  that  transmits 
power  from  the  engine  (driving  unit)  to  the  load 
(driven  unit). 

TRICK  WHEEL:  A  steering  wheel  in  the 
steering  engineroom  or  emergency  storing 
station  of  a  ship,  used  in  case  of  emergency. 

TUBING:  That  type  of  "fluid  line  the 
dimensions  of  which  are  designated  by  actual 
measured  outside  diameter  (OD)  and  by  actual 
measured  wall  thickn^ 

TURBINE:  (I)  A  rotary  motor  actuated  by 
the  reaction,  impulse,  or  both,  Of  a  flow  of 
pressurized  fluid.  A  tiirUne  usually  consists 
series  of>  curved  vands  on  a  centrally  rotating 
shaft.  (2)  A  multibladed  rotor,  driven  by  steam, 
hot  gas,  or  water. 

TURBULENCE:  Air  in  the  combustion 
s]^ace  in  motion. 


^      UNBURN  ABLE  OIL:  That  quantity  of  oil 
TOP  OFF:  To  fill  up,  as  a  ship  tops  off,  with      below  the  stripping  suction  in  storage  tanks  and 


fuel  oil  before  leaving  port. 

:RIC 


below  the  service  suction  in  service  tanks. 
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ECTOR;  A  diesd  engine  ii^ectox 
hes  a  pump  and  a  fuetrspray  nozzle  in 

^< 

KSTABLE:  That  action  of  an  automatic 
ccuntro!  system  and  controller  process  that  is 
characterised  by  a  cojitin\ious  cycling  of  one  or 
nbfe  system' v^ables  to  a  degree  greater  than  a 
specified  maximum. 

^  VACUUM^  Pressure  less  than  atmospheric 
pressure. 

VALVE:  A  mechanism^  that  can  be  opened 
or  closed  to  cc»itrol  or  stop  the  flow  of  a  liquid, 
gas,  or  vapor  from  one  to  another  p^ace."^ 

VALVE  LASH!  Clearance  between  the  top 
of  the  valve  stem  and  the  valve-lifting 
mechanism. 

VALVE  SEAT:  The  sufface,  normally 
curved;  against  which  the  valve  disk's  operating 
face  comes  po  rest  to  provide  a  seal  again^ 
leakage  of  liquid,  gasf  or  vapor. 

/ 

VALVE  SEAT  INSERT:  Metal  ring  iiferted 
into  valve  seat,  made  of  special  metal  that  can 
withstand  operating  temperatuie  satisfgctorUy. 

^  * . 

VALVE  SPRING:  the  compression-type 
spring  that  closes  the  valve  when  the 
valve-operating  cam  assumes  a  ciosetf-valve 
positicHi. 


VAPOR:  The  gaseous  state  of  a  substance 
*   that  is  usually  a  liquid  or  solid  at  atmc^pheric 
temperature  and  pressure. 

VARIABLE  DISPLACEMENT:  The  type  of 
pump  or  motor  in  which  the  volume  of  fluid 
d«ivered  per  c^cle  can  be  varied. 

\  VELOCITY:   The  rate  of  motion  in  a  . 

I  particiilar  direction.  The  velocity  of  fluid  flow  is^ 
V    usually  measured  in  feet  per  second.  j£ 

VENT:  A  valve  in  a  system  used  primarily  tb 
permit  air  to  escape. 


VENTILATION  SYSmi/^ K  system  thait 
removes  heat  and  stale  air  and  provides  fr^  air 
by  nleans  of  mechanical  or  natural  distribution 
dactwork.  The  system  may  also  include  filters 
and  heaters.; 

VENTURI:  A  tube  that  has  a  jiarrowing 
throat  or  constriction  tp  increase  the  velocity  of 
fluid  flowing  through  it.  The  flow  thrcHigh  the 
venturi  causes  a  presme  drop  in  the  smallest 
sectiqji.  ,  . 


VIEW:  A  drawing  of  a 
object  as  seen  frpm  one  po: 


ffnesnslSiw  of  an 


VISCOSIMETER:  A  device"  that  determines 
the  viscosaty  oV  a  given  sample  of  oil. 

VISCOSITY:  The  internal  resistance  of  a 
,  fluid-  which  tendi^4|rprevent  it  from  flowing. 

VITAL  CIRCUITS:  Electrical  circu^  that 
provide  power  or  lighting  to  equipment  and 
spaces  necessary  for  propidsiori,  s^rip  control, 
an^  communications.  ^ 

VOID*An  empty  t^. 

VOLATILE:  The  term  that  describes  a 
liquid  which  vaporizes  quickly. 

VOLT:  The  unit  of  electrical  pote;itial. 

VOLTXgE  TESTER:  A  portable  instrument 
that  detects  electricity. 

VOLTMETER:  An  instrument  designed  to 
measure  3  difference  in  electrii^  potential,  in 
volts. 

VOLUME  OF  FLOW:  The  quantity  of  fluid 
that  passes  a  certam  point  in  a  unit  of  time.  The 
volun>e^df  flow  is  usually  expressed  in  gallons 
per  minute  for  liquids  and -in  cubic  feet  per 
minute  for  gases. 

VOLUTE:  A  gradually  vvidening  spiral.  A 
section  or  Component  of  a  centrifugal  pump 
where  velocity  head  becomes  pressure  head. 
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^TER  DRUM:  A  tanK  at  the  bottom  of  a 
boiler,  sometimes  caljed  MUD  DRUM,  that 
equalizes  distribiition  of  water  to  the  gen-erating 
tubes  and  collects  loose  scale  and  other  solids  in 
boiler  water. 

WATER  JACKET:  Internal  passages  and 
cavities  cast  into  the  cylinder  block  of  engines 
and  air  compressors  through  which  water  is 
circulated  around  and  adjadent  to  friction  (heat) 
areas. 

WATER  TUBE  BOILER:  Boiler  in  which 
-the  water  flows  through. the  tubes  where  it  is 
heated  by  the  gases  of  combustion. 

WATJF:  The  unit  Of  electrical  power) 

WATTMETER:  An  in&tru^nent  for 
measuring-electrical  power  in  watts.  * 

WINCH:  A  hoisting  or  pulling  machine  fitted 
with  a  horizontal  single  or  double  drum.  A  small 
cfruift  is  generally  fitted  on"  one  or  both  ends  of 
the  shaft  supporting  the  hoisting  drum...  These 
small  drums  are  called  gypsies,  or  winch  heads. 
/The  hoisting  drums  either  are  Tiued^with  a 
friction  brake  or  are  directly -keyed  tQ  the  shaft. 
They  are  in  the  form  of  a  spool  and  carry- the 
working  wire  rope.  The  driving  power  is  usually 
steam  or  elefitricity,  but  hand  power  is  also  used. 
A  winch  i§^sed  principally  for  handling, 
hoisting,  and  lowering  cai^gb  from  a  dock  or. 
lighter  to  the  hold  of  a  ship  and  vice  Versa. 

WINDLASS:  An-  apparatus  in  which 
horizontal  or  vertical  drums  or  -gypsies  and 
wildcats  afe  operated  by  means  of  a  steam 
engine  or  motor  for  the  purpose  of  handling 
fteavv«inchor  'ch«r«s,  hawsers,  etc.  ^  ^ 


WIPED  BEARINGS:  A  bearing  in  which  the 
babbitt  has  melted  because  of  excess  iieat. 

WORKi^^e  trajisference  of  energy  fronv 
one  body  or  system  to  another. 

WORK  REQUEST:  Request  issued  to  naval 
shipyard,  tendfr,  or  repair  ship  for  repairs. 

WORM,  WORM  SHAFT:  A.  threaded  shaft 
designed  ,  to  engage  the  teeth  of  a  wheel  lying  in 
,  the  plane  of  the  shaft  axis.  This  type  of  gear  is 
used  for  the'  transmission  of  heavy  loads  at  low 
speeds.  ^  ^  .  . 

WYE  GATE:  A  fitting  with  twp  separately 
controlled  hose  fittings,  designed  ta  connect  to 
an  outlet. 

YOKE:  A  frame  or  bar  having  its  center 
portion    bored    ^nd    keyed    or  otherwise 
> '  coilstrucbd  for  att;achment  to  the  rudder  stock. 
'  Steering  effort  from  the  steering  gear  is  applied 
to  each  end  of  the  yoke  for  the  purpose  of 
turning  the  mdder, 

'  ZERK  FITTING:  A  small^fitting  to  which  a 
grease  gun  i::an  be  appfied  to  force  lubricating 
grease  into  bearing  or  moving  parts  of 
machinery. 


w 


ZEROtSETTING:  The  output  of  a  device 
wheji  its  ii^put  is  minimum. 

ZINC:  A  primary  metal  useful  jn  a  nunjber 
of  anticorrosion  applications,  A  tnetal  block  or 
form  placed  in  saltwater  systems  to  counteract 
^     the  effects  of  electrolysis.  '  • 
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-        -         APPEND»X  II  V 

U.  S.  CUSTOAAARY  AND  METRIC  SYSTEM^ 
UNITS  OF  )^EASUREMENTS 

*        THESE  PREf  rXES  M/iY  BE  APPLIED 
'  V    10  ALL  Si  UNITS 

1 000  boo  000  OOa  ==  10«   tera  (tgr'd)  T 

-  10*    giga(ji'«o)  G 

=  10*    inega(mig'd)  M* 

1000  =  10"-  klto(kir6)  k* 

100  =  10*    hecto  (liik'tA)  h 

10  =^10     deka  (dik'o)  da 

0.1  =  10^*   deci(di«1)  d 

0.01  =  10^   centi  (s«fi'ti>  c* 
0.001  =  10^  m'lHitmlll) 
O.O0O  001    10*   mkro  (mi'kri)  ^  m  • 

0.000  000  001  =  lO*   nano  (nin'i^)  n 

0.000  000  000  001  -  lO"  pko  (pe'ki)  p 

0.000  000  000  000  001  =  lO^''^  femto  (f«m'^^  f 

0.000  000  000  000  000  001     lOr"*  atto  (Ift^)  a 
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ENGLISH  AND  METRIC  SYSTEM  UNITS  Of  MEASUREMENT 
COMMON  EQUIVALENTS  AND  CONVERSIONS 


Approximate,  Common  Equivalents 


Conversions  Accurate  to  Parts  Per  Million 
(units  stated  in  abbjsviated  form) 


Number  X  Factor 


aDDiei 


inch 

5=  25  niillirnel^ 
=  0.3  meterj 

in  X  25,4* 

mm 

foot 

ft  X  0.3048* 

m 

yard 

=  0.9  meter 

yd  X  0.9 144* 

=  m 

mikf 

=  1.6  kilometers 

mi^  1.60934 

,    =  km 

square  inch 

5  square  centimeters 

.  in^  X  6.45 16* 

=  cm^ 

square  foot 

=  0.09  square  meter 

ft^  X  0.0929030 

=  m^ 

square  yard 

=  0.8  square  nteter 

yd^  X  0,836127 

-m^ 

acre 

=  0.4  hectare 

acres  X  0.40468.6 

=  ha 

cubicjnch 

=  16  cubic  centimeters 

in^  X  16.3871 

*  =  cm^ 

cubic  foot 

=  0,03  cubic  meter 

'ft^X  0.0283168 

=  m3 

cubic  yard 

=  0.8  cubic  meter 

yd^  X  0.764555 

=  m3 

quart  (Iq-) 

=^  later 

qt(lq,)X  0.946353 

gallon 

ounce  (avdp) 

^  0.004  cubic  mfeter 
=  28  grams  \ 

gal  X  0,00378541 
o2  (avdp-)  X  28.3495 

=  m^ 

pound  (avdp) 

0.45  kilograra 

lb  (avjip)X  0.453592 

-kg 

horsepower 

^  0.75  kilowatt 

.hp.X  0:745700 

-kW 

pound  per  square  inch 

=  0.07  kilogram  per  square 

psi  X  0.0703224  ' 

-4cg/cm^ 

tmaiimeter 
,meter 
meter 
kiioificter 
square  centimeter* 
square  m^ter 
square  meter 
tectare 

cubic  centimeter 
cubic  meter 
cubic  meter 
liter  ' 
cubic  meter 
gram 
kilogram 
kilowatt 

kilogram  per  sqyare 
centimeter 


centimeter 

=  0.04  inch 
=  3.3  feet 
=  l.l  yards 
=»  0.6  mile  ^ 
=  0.16  square  inch 
=  1 1  square  feet 
=  1.2  square  yards 
=  2.S>cres 
=»  0.06  cubic  inch 
=  35  cubic  feet 
=  1 .3  cubic  yards- 
=  1  quart  (lq») 
==  250  gallons 
,=  0.035  ounces  (avdp) 
=  2.2  pounds  (avdp) 
=  1 .3  horsepower 
=  14.2  poinds  per  square 
.inch 


mm  X  0,0393701 
m  X  3.28084  , 
mX  1.09361 
km  X  0.621 371 
cm=  X  0.1 55000 
m'  X  10.7639  ' 

X  1.19599 
ha  X  2.47105 
cm^  X  0.0610237 
m^  X  35.3147 
m^  X  1.30795 
/X  1.05699 
m*  X  264.172 
gX  0.0352740 
kgX^2.20462 
kWX  1.34102- 
k«/cm^  X  14.223226 


-m' 


=  mi 
j2 

ft^ 

yd^  * 
acres 
in^ 

ft3  ^  , 

yd' 

qt(lq.) 
gal 

oz  (avdp) . 
lb  (avdp) 

hp  •  -. 
psi 


fnautittaLmile  =  1.852  kilomfcters 


♦  exact 
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INDEX 


Additive  engine  oils,  185 

Advancement,  1-15 

Engineering  Operational  Sequencing 

System  (EOSS),  9 
Engineman  ratings  1 ,  2  > 
Navy  enlisted  advancement  system,  2-9 
Navy  Enlisted  Classificatioqfedes,  2 

^      Personnel  Qualification  Standards,  9,10 
sources  of  information,  10-15 

Airflex  clutch  and  gear  assembly,  297-306 

Airtxjnipressors,  332-348  s 

component  cycle  of  reciprocating  air 
'compressors,  336-346  ; 
compressed  air  receivers,  347,  348 
compressor  classifications,  332-335 
operating  cycle  of  reciprocating  air  . 

compressors,  335,  336 
rotary-centrifugal  air  compressors, 
346,347  •  ,     ^    .  . 

Air  txjnditioning,  422-444 

equipment  ,'42 6-43 7  * 

"cooUng  equijjment,  430-437 
maintenance  of  cooling  equipme^nt, 

437  .  ' 

ventilation  equipment,  426-430 

^     heating  equipment,  437-444  . 
•  conveetor  heaters,  438 

duct  heaters,  437, 438 
/«lectric  heaters,  438 
heating  controls,  438-442 
maintenance  of  ventilation  eqi^ipmenf, 
444 

unit  heaters,  438 


Air  conditioning-Continued 

purposes  of  air  conditioiUng  and  related 
factors,  422-426 

body  heat  balance,  424, 425 
effect  of  air  motion,  425 
heat  of  ^,423,424  ^ 
humidity,  422, 423 
sensation  of  comfort,  426 
•  temperatures,  424 
Air  starting  system  malfunctions,  263-265 

Air  starting  systems,  136-143 
source  of  starting  air,  138  • 
starting  mechanism,  138-143 

Air  systems,  diesel  en^e,  1 09-1 28 

Auxiliary  equipmeftt,  additional,  445-476 

trailer^,  auxiliary,  464-474  • 
electrohydraujic  drive  machinery, 

445'-459  ' 
firefighting  equipment,  474-476 
gallcy^d  laundry  equipment,  459-464 


B 


Bearifigs,  ^07-309 

Body  heat  balance,  424  ' 

Boilers,  auxiliary,  464-474 
boiler  controls,  467469 
oil  burners,  465, 466 
operation  and  maintenance,  470 
safety  combustion  controls,  469,  470 
testing  boiler  water,  470-474 
types  pf  boilers,  465 

Bosch  fuel'syH^,  219-225 

Butterfly  v^ilves,  331 


ERIC 


535 


552 


ENGINEMAN  3  &  2. 


Camshafts,  80,  81 
Casualties,  253-258 
.    control,  253-255 

correction  and  prevention  of,  255-257 
•    enginer<5om,  257,  258 
Centrifugal  pumps,  317-323 
care  and  repair,  319-322 
construction  of,  317-319 
major  troubles  and  repairs,  322,  323 
"  types  of,  317 
Check  valves,  330 

dosed  cooling  system,  principal  parts  of, 
149-l<r^ 

coolers  (heat  exchangers),  1 54-1 60 
classification  (general) 

of  coolers,  1 54 
fluids  cooled,  1  54 
location  of  coolers,  1 57-160 
types  of  coolers,  1 54-1 57 

en|^e  water  passages,  160, 1'^l 
cylinder  heads,  1 60 
cylinder  liners  or  blocks,  1 60 
water  manifolds  and  jackets, 
160,  161 

freshwater  (expansion)  tanks,  1 6 1  -1 64 . 
pumps,  149-153  . 

differences  between  freshwater 

and  saltwater  pumps,  1 52 
pump  location  and  method  of 

drive,  1 53 
types  of  pumps,  1 52, 1 53 
sea  scoops  and  strainers,  1 64 
valves,  164-168 

automatic  regulating  valve, 

165-168 
manually  operated  throttling 
_  -valve,  164,  165 
thermostatically  operated  bypass 
valves,  1 65 

Qutches,  reverse  gears,  and  reduction  gears, 
294-307 

airflex  clutch  and  gear  assembly, 

297-300 
dog  clutches,  306,"  307 
friction  clutches  and  gear^assemblies^ 

294-297 

hydraulic- clutches  (couplings),  300-305 

ERJC  .  ' 
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Qutches,    reverse    gears,    and  reduction 
gears-^Continued 

induction  couplings,  305, 306 
synchro-self-shifting  clutch  (SSS),  307 
Combustion  cycles,  19-27;  \  I 
Compressed  aiy  systems,  332-354 
air  compre^rs^  332-348 

component  parts  of  reciprocating 

air  (XJinpressors,  336-346 
compressed  air  receivers, 

347,  348 
cx>mpressor  classifications, 

332-335 
operating  cycle  of  reciprocating 

air  compressors,  335-336 
rotary-centrifugal  air  compress<5rsr 
346,347 
compressed  air  supply  systems, 
'  348-351 

compressed  air  plant  operation 

and  maintenance,  350, 35 1 
high-pressure  air,  348 
low-pressure  air,  348 
moisture  removal,  350 
prairie-masker  air  systems, 
348-350 
saf ety  precautions,  351-354 
Contrc^ble  pitch  propellers,  309,310 
Controls,  engine,  ^240-244 
governors,  240-243 
overspeed  safety  devices,  243,  244 
(bolers  (heat  exc^tangers),  1 54-1 60 

Coolers,  lubricating  oil  system,  194  . 

Cooling  equipment,  430-437 

Cooling  systems,  engine,  146-1 76 
Crankshafts,  77-80 

crankshafts  and  lubrication,  78,  79 
aankshaft  throw  arrangements,  79,  80 
terminology^  77,  78 
Cummins  FT  fuel  system,  226,  227 
Cycles  of  operation,  16-27 
combustion  cycles,  19-27 

actual  combustion  cycles,  23-27 
methods  of  ignition,  20-23 
otto  (constant-volume)  cycle,  23 
theoretical  diesel  (constant- 
pressure)  cycle,  23 
mechanical  cycles,  1 7-1 9^ 
gasoline  engines,  W 
4-^troke  ^cle  diesel  engine,  18 


INDEX 


des  of  operation— Continued 
mechanics!  cycles— Continued 

relationship  of  events  and  strokes 

in  a  cycle,  17,  18 
2-stroke  cycle  diesel  engine, 
18,  19 

Cylinder  assembles,  38-S I 

heads,  48^51  .  ' 

Uners,  4(M8 
Cylinder  heid  studs  and  gaskets,  S  I -S3 
Cylinder  safety  valves,  280 


Distilling  plants-Continu«i 

principles  of  distillation,  3SS,  356 
types  of  distilling  plants,  357-375 
vertical  basket  distilling  plants,  375-379 
Dog  clutches,  306,  307 
Drive  mechanisms,  types  of,  289-294 
direct  drives,  292-294 
indirect  drives,  289-292 


Diesel  engine  air  systems,  1 09-1 28 
exhaust  systems,  1 25-1 28 

exhaust  manifolds,  125, 126 
pyrometers,  126-128 
intake  systems,  109-125 

intake  system  components,  1 14-125 
scavenging  and  supercharging, 
109-114 

parts  of  other  systems  related  to  ehgine 
air  Systems,  128 
Diesel  engine,  4-stroke  cyoie,  operating 
mechanism  of,  106-1 08 
drive  mechanisms,  106-108 
Diesel  engine  operating  procedures, 
246-259 

correction  and  prevention  of 

casualties,  255-257 
emergency  diesel  generators,  252,  253 
engincroom  casualties,  257,  258 
factors  ififluencing  casualty  control, 
253-255 

operating  instructions  and  safety 

precautions,*258,  259 
operating  instructions  for  diesel  engines, 

246r251 

precautions  in  operating  diesel  engines, 
251,^252 
Diesel  fuel  oO,  207-209 
Direct  drives,  292-294 
Distilling  plants,  355-386 

common  terms,  356,  357 
i^ieat  recovery  type  distilling  units, 

379-381  . 
maintenance  of  tow-pressure  distilling 
plants,  381-386 


Electrical  systems,  troubleshooting,  286 
Electric  startmglystems,  1 29-1 36 
generator  i^intenance,  135, 136 
generators  and  controls,  133-135 
starting  motors  and  driVes,  1 29-1 33 
Electric  start  mialfunctions,  265,  266 
Electrohydraulic  driye  machinery,  445-459 
speed  gear,  445-^7 
steering  gear,  447^5p^ 
weight-handling  equipment,  455-459 
'Emergency  diesel  generatoris,  252, 253 
Engine  cooling  systems,  1 46-1 76 

maintaining  adequate  lubricatioil,  146 
maintenance  of  engine  cooling  systems, 

168-176  . 
preventing  excessive  vai^^'tion  in 

dimensions,  147  ' 
principal  parts  of  a  closed  cooling  system, 
149-168 

retaining  the  strength  of  metals,  147 

types  of  cooling  systems,  147-149 
Engineering  Operational  Sequencing 

System  (EOSS),  9 
Engine  ftiels  and  combustion,  205-209 . 

diesel  fuel  oil,  207-209  ^ 

gasoline,  205-207 
Engine^  lathe,  477488 
Engine  lubricating  oil  systems,  177-204" 

characteristic^  and  tests  of  oil, 
178-184 

functions  of  oil,  177,  178 

greases,  185, 186 

lubricating  oil  filtering  systems,  198-201 
lubricating  oil  systems,  193 
$    parts  of  a  lubricating  oil  system , 
'  193-198^ 

path  of  oil  through  the  diesel  engine 
lubricating  oil  system,  201-204 
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Engine  lubricating  oU  systems-Continued 
purification  of  lubricating  oil, 
IS6-I93 

recommended  oils,  1. 84, 185  ^ 
Engineman  ratings  1,2 
Engine  mounting*,  53,  54  " 

securing  devices,  53,  54^ 
bolts,  53 

shock  absorbers,  54 
vibration  isolator,  53,  54 
subbase,  S3 
Engine  operating  mechanisms,  93-1 08 
4-stroke  cycle  diesel  engine,  1 06- 1 08 
opposed-piston  diesel  engine,  1 01  -1 06 
2-stroke  cycle,  V-type  diesel  engine, 
99-101 

2-stroke,  in-line  diesel  engine,  94-99 
types  of  operating  mechanisms,  93,  94 

Engines  classified  according  to  the  action 
of  pressure  on  pistons,  27-32 
single-acting  enginfe^27-32 

Enguie  starting  systems/ 129-1 45 
air  starting  systenis,  1 36 
electric  starting  syslems,  1 29-1 36 
hydraulic  startingWstems,  1 36 

'      ignition  aids,  143-145  ^ 

Environmental  pollution  control,  238,  239 

Exhaust  systems,  125-128 

exhaust  manifolds,  125,  126 
pyrometers,  126-128 

External  fuel  system ,  2 14, 215 


'  F 


Facing,  497 

Filtering  devices,  lubricating  oil  system. 

194-198  / 
Filtering  systems,  lubricating  oU,  198-201 
bypass  filtering  system,  200,  201 
full-flow  fihering  system,  199,  200 
,i^nt  fiUtcring  system,  199 
sump-filtering  system,  200 
Firefighting  equipment,  474-476 

engine-driven  fire  pumps^74,  475 
Hremain  system  and  isolation  valves, 
476 

operation  of  the  P-250  pump, 
475,  476 


Flash-type  distilling  plants,  371-375      . , 

operating  notes  for  flash-type  units, 
375  ,  . 

two-stage  flash,  371-375 
Flywhe^,  87, 88 
Frames,  engine,  33-38  r 

»acc^  openings  and  covers,  37,  38 

bearings,  38 

bedplates  and  bases,  36 

crankcases,  35,  36  ^ 

cylinder  blocks,  33-3  is  \ 

end  plates,  37 

sumps  and  oitpans,  36, 37  i 
Freshwater  (expansion)  tanks,  1 6 1  -1 64 
Friction  clutches  and  gear  assemblies, 

294-297  ^  '. 

Fuel  and  fuel  systems,  205-239 

engine  fuels  and  combustion,  205^^09 
environmental  pollution  control,  * 
,'     "  238,239, 

external  fuel  system,  214, 21 5 
fuel  injection  equipment  casualties 

and  repairs,  234-237 
fuel  ii^ection  system,  215-219 
fuel  systems,  212-214 
injection  nozzles,  231-234 
pui'ging  the  diesel  engine  fuel 
injection  system,  237,  238 
pump-ii\jection  systems,  219-231 
turbulence  and  combustion  in 
diesel  engines,  209-212 
Fuel  inj^tion  ^^uipment  caa^iUties  and 
repairs,  234-23*^ 
distorted  spray  pattern,  235,  236 
incorrect  pres^re,  234,  235  . 
leaky  nozzles  and  iiyector  spray  tips, 
236,237 

Fundamentals  of  refrigeration,  387-389 
heat,  387,  388  * 
pressure,  temperature,  and  volume, 
388,  389 
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Galley  and  laundry  equipment,  459-464 
,  desclding  dishwashers,  4^3, 464 
dishwashing  equipment,  ^60-463 
laundry  equipment,  464 
steaj-jacketed  kettles,  460  ^ 
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Gasoline,  205-207  . 

Gasoline  engine  troubishooting,  282-286 

Gate  valves,  329,  330 

Globe  valves,  326-329 

grinding-in  globe  valves,  327 
kpping  globe  valves,  327,  328 
refacing  globe  valves,  328, 329 
repacking  valve  stuffing  boxes,  329 
•  spotttng-in  globe  valv^,  3-26 

Glossary,  505-532 

Governors,  240-243 

Greases.  185,  186 


H 


Heating  equipment,  437-444 
convector  heaters,  438 
duct  heaters,  437,  438 
electric  Iwaters,  438 
heating  controls,  438-,  442 
maintenance  of  ventilation  equipment, 
444 

unit  heaters,  438 
Heat  recovery  type  distilling  units, 
379-381 

air  and  brine  eductors,  381 

air  removal  circuit,  380 

distillate  circuit,  380 

jacket  water  circuit,  380,  381 

seawater  circuit,  379,  380 
High-pressure  air,  348 
Humidity,  422,  423  V 
Hydraulic  clutches,(coupIings),  300-305 
Hydraulic  starting  systems,  136  j 
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Information  sources  of,  10-15 

engineering  handbooks,  14,  15 
NAVEDTRA  10052,  11-13 
-    NAVEDTRA  pubUcations,  1 1 
NAVSEA  publications,  13, 14 
ii^ection  nozzles,  231-234 
Injection  system,  fuel,  215-219 
common-rail  injection  system, 

215,216 
modified  common-rail  (controUec 
pressure)  system,  216-219 
In-line  diesel  engine,  2-stjroke  cycle, 
operating  mechanisms  for,  94^99 
gears,  94 

shafts  and  couplings,  95, 98 
valve  actuating  gear,  98,  99  y 
Intake  systems,  dic^l  engines,  109-1 25 
intake  system  components,  114-125 
^        blowers,  1 1 5-1 22 

cylinder  ports  and  valves;  123 
cylinder  t^t  valves  and  safety  ^ 

or  relief  valves,  1 23- 1 2  5 
intake  air  passages,  122, 123 
silencers,  screens,  and  cleaners, 
114,115  ' 
scavenging  and  supercharging,  109-1 14 
four-stroke  cycle,  112,  113 
two-stroke  cycle,  113,  114 
Irregular  engine  operation,  269-280 


Jacking  gears,  88-91  ^  . 

Jet  pumps,  324-326 
Journal  bearings,  81-87 
bearing  troubles,  83 
'  installation  of  journal  bearings,  83-86. 
Impair  of  shafts  and  journal  bearirig^, 
86,87  /  ' 


Ignition  aids,  143-145 
- -^^hcr  prifpers,  143,  144 
H^ne  primer,  144,145 
grid  resistor,  143 
IndirfTCt  drives,  289-292 
Individual-pump  injection  systems,  219 
Induction  couplings,  305,  306 


Lathes  and  lAhe  machining  operations, 
'  477-50^y 

engiiiejathe,  477-488 

factors  related  to  machining  operations, 
^8-491        i  . 
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lathes  aod  lame  machmins  operatk>ns~ 
Continued  \ 
machining  operations,  497-503*" 
preliminary  procedures,  49 1 -497 
safety  precautions,  503, 504 
laundry  and  galley  eKjuipracnt,  459-4€^ 
Low-pressure  air,  348  X 
Low-pressure  dirtiliing  plants,  maintenance 

of,  381-386  , 
Lubricating  oil  systems,  eiigine,  1 77-204 


{Maintenance  of  R-12  systems-Continued 
testing  for  air  and  noncondensable 
gases,  412, 41^ 
testing  for  refrig^^t  leaks,  410-412 
Mechanical  cycles,  17-19 
Mechanical  refrigeration  systems,  389-405 
Metric  system  units  of  measurements, 
533,534 

Moyii^  and  related  parts,  principal,  55-92 


M 


Machining  operations,  factors  related  to, 
488491 

chatter,  490,  491 
coolants,  490 
maintenance,  489, 490 
phases  of  the  operation,  488. 489 
Maintaining  adequate  lubrication,  1 46 
Mainteftance  of  engine  cooling  systems, 
168-176 

freshwater  treatment  and  tests,  171-175 
,  chrdniate*;  jpH-,  and  cWor^de 

:        ;  CQnduct&i(g  tests^  174,  175  : 
:  :•  ne6d  for  freshwater  treatment, 

■  ••-'v'V.'...J7i,i72;:   ■  \  ■■' fy':-  ■ 

-,  ,     terms  and  uhit^  related  to  water 
.  ,  •    tests.  172 

"  Water  treatment,  172-174  ^ 
\  '  safety  precautions,  175^176 
Maintenance  of  low-pressure  distilling 
.  plants,  381-386  ^ 
care  of  heat  exchanger  surfaces, 
381-385 

testing  for  saltwater  leaks,  385,  386  i- 
Maintenance  of  R-12  sy  stems,  408-419^ 
care  of  V-belts,  4l4 
checking  compressor  oil,  41 3, 41 4 
•  defrosting  of  cooling  coils,  408»  •  : 
pumping  down  a  refrigerant  system, 
408410 

setting  control  and  safety  devices, 
■  414417  1  ,. 
shaft  sea|s,  418-41 9 
testing  wxy^  renewing  compressor 
discharge  and  suction  valves,  417,418 


N 


Navy  enlisted  advancement  system,  2-9  - 
how  to  prepare  for  advancement,  3-6 , 
Personnel  Advancement  Requirement 
(PAR)  Program,  NAVPER5  '    .  -  ' 
1414/4,6,9  •  ' 

who  will  be  adv^ced?,  3  ,  .  • 
Navy  Enlisted  Qassification  Codes,  2* 


Oil,  characteristics  and  tests  of ,  1 78-1  §4 
autogenous  ignition  point,  1 82 
{^bon  residiie,  183 
fire  point,  182 
.  flashpoint,  1 82 
neutralization  number,  183 
pour  point,  182  • 
J,       precipitation  number,  183, 184 
•    viscosity,  178-182 
Open  cooling  system,  147, 148 
.  Operating  instructions  for  diesel  engines, . 
■  •24,6-251: 
ikirn^^ 

Starting  after  a  brief  jwriod  of  idleness, 

247. 

starting  preparations  after  overhaul  or 
long  idle  period,  .247,  248 
,     ■  starting  preparations  after  routine 
securing,  246,  247 
Operatinjg  mechanisms,  engine,  93-108 
Operating  procedures  for  an  R-1 2  system, 
405-408; 

;     .notes  on  compressor  operation,  408  , 
operating  an  R-12  plant  in  automatic,  407 
operating  log,  408 


INDEX 


Opmting  procedures  for  an  R-I2  system-Con- 
tinued 

prcstarting  check$»  406 
I    securing  the  compressor»  407 , 408 
*    starting  the  compressor,  406, 407 
Opposed-piston  diesel  engine,  operating  . 
mechanisms  in:,  101*106 

accessory  drive,  105, 106  * 
blower  drive  mechanism,  105 
camshaft  dtive  and  fuel  pump 
actuatinggear,  103, 104  - 
Overspeed  safety  devices,  243,  244 


Per^nnel  Qualification  Standards,  9, 10 
Pis/onand  rod  assemblies,  63-77 
.  /    connecting  rods,  74-77 

piston  pins  and  piston  bearings,  71-74 
'  piston  rings,  66-7  \ 

pistons,  63h66 
Planned  Maintenance  System,  purposes, 

benefits,  and  limitations  of,  10 
Plug-cock  valves,  330 
Prairie-masker  air  systems,  348-350 
Precautions  in  operating  diesel  en^^, 

251,  252        .\  \ 

cleanliness,  251,  252  *>  ; 

cooling  water,  251  ^  »  ' 

fuel/251  ^ 
relief  valves,  251  "'^ 
starting  air,  251         '  '   '  ^ 
Pressure-regulating  valves,  3^0,  331^ 
Preventing  excessive  variation  in  dimensions,  1 47 
Principal  moving  and  related  parts,  55-92-  . 

camshafts,  80,81 
^     crankshafts,  77^0 
flyV^heels,  87,  88 
jacldng  gears,  88-91 
journal  bearing,  81-87  - 
:  piston  and  rod^asseniblies,  63-77  ■ 
vjilve  mechanisms,  55-63 
Principal  statipfiary^ parts  df  an  engine, 
33-^4     •  .  ,  '     .  ^  ^-     :  ; 

qylinder  assemblies,  38-51 
,  '  ;cyUnder  heads/48-51 
\  cylinder^  linws,  4048 
cyhnder'head  stuas^and  gaskets,* 5 1-53 


Principal  stationary  parts  of  an  engine-Continued 
engine  frames,  33-38 

^cess  openings  and  ravers,  37,  38 
bearings,  38  • 
l^dplates  and  bas^,  36 
CTankcasf^,  35,  36 
cylinder  blocks,  33-3  5 ' 
end  plates,  37  | 
sumps  and  oil  pans,  36,  37 
engine  mountings,  53,  54 

securing  device,  53,  54  * 
saibbase,  53 
Principles  of  distillation,  355,  356 
Propulsion  control  systems,  240-245 

engine  contrdis,  240-244  ^ 
governors,  240-243        "    . .    .  ^ 
overspecd  safety  devices,  243,^44  > 
Purap-iiyection  systems,  2 1 9-23 1 . ,      ;  •  - . 
Bosch  fuel  system,  2 19-225 
Cummins  FT  fuel  system,  226,  ^27 
individual-pump  injection  systprijsV  < 

219  Vv^ 
Rcjosa-Master  fuel  system,  225;, 
unit  iiyector  system,  227-231; 
Pumps,  149-153     3       '    ^  :^yf 
Pumps  and  valves,  411-331 
butterfly  valvfes,  331 
centrifugal  pumps,  3 1 7:323 
checlf  halves,  33Q    ^  ^ 
gate  valvesf3-2Si  330  '  , 
:   -glotjevalv^,  326^329;  v' 
jet  pumps,  324-326  '  ' 
plug-oock  valves,  330  /  ^ 
I     pressure-regulating  valves,  330^  331 
fotaty  pumps,  j3^n  -3 1 7  .  .  / 

variable  strbke'^mpsi  323,  324  ^ 
Punips,  lubricatmg  oil  system,  193,*I94'  * 
Puiging  the  diesel  engine  fud  ihjection^  ^ 

system,  237, 238^  *  .  ^ 

Purification  of  lubricating  oil,  1 86-193 

influendhg  fktor&in  purifier  operation,..  * 

191-193     '  . 
settling  |anksand4>urifiers,  186-191      ^  \ 

Reciprocating  internal-combustion  engine, 

16-33  \  * 

cycles  of  operation,  1 6-27 

combustion  cycles,  19-27  ; 
mechanical  cycles,  17-19 
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Reciprocating  intemal-corabustion  engine- 
Continued 
engines  ciassified  according  to  the 
action  of  pressure  on  pistons;27-32 
single-acting  engines,"  27-32 
-Refyiicration,  387421 

characteristics  of  Eefrigerants,  . 
;^ V 41-9. 4ar  v.^ 

\  makteiiance  pf  Rrl2'sjfstems,"408-419 
/  • '  •  m,Rchar\icaVrefri^mtiori  systems, 

; ,    operating  prpj(Jedures  for  an.  ^^12  /  > . , 
,  V; . '  •  ■  .^ystetn,  40S-4Q&'  :> '  .  ■  ,  '  ■  (■ 

'  ^fety  'precautions',  42ty,  4i!*  * 
vRetaiiiin^  the  str^dngthof  f^ietals,  l47  '..  < 
>  R'obsi-M^ster  fuel  system;  2Z^',,'226  '     '  >  , 

)8i>tary-centrifu^i  air  comprefSsor^;,  , 
.",.-;346;347       ,  -  •  ^ 

Rtttary* pumps,  311-317  •. 
•   \care  and  repair,s315,  3l6  ^ 
.  '•     QlSfraJing  difficultiejs  :  3  IS       '     •  ' 
.  *     operStiCn  of,  313-315  .\  , 

piarin^5d\maintenande,  3 1 6       ,  ^  * 
•  safety  precautions,  316.  317  , 
.       typcsof.  3i  l-3!'3       ,  v 
H-l^  'rif stems,  405-419     >  .  /  v 

X    ^iBiuntcn^cc;  408-419    ,  ^  • 

operating  procedures,  405-40|  * 


^  Tanks  and  sumps,1ubricating  oil  system, 

■    193 .  .  ,   ■  ; 

Tapers,  500-503  ^ 
Temperatures,  424      /  ! 
\  Transmission  bf  engine  iwwer,  288-3 1 0 
I      bearings,  307-309 
I      clutches,  reverse  gears,  and  | 
»      reduction  gears,  294-307   '  j 
controllable  pitch  propellers,  i 
.     309,310         '  .  i- 

factors  related  to,  288.  289  i 
types  of  drive  mechanisms,  289-294  1 
^Troubleshooting,  260-287,  i. 
^        .  electrical  systems,  286  1* 
engine  fails  to  start,  261-269  " 
.  gisoline  engines,  282-286   ,   '  .  "'i 
'      '  irregular  e'ngine  operation,  2  69-2  80  1 
,  '^  .  'Symptoms  of  engine  trouble;  2 80-2 SlJ^s 
.  ungrounded  two-wu-e  24-voIt  ••  •  , 
^ijV-        (j.c.  system,  286, 287  .  " 

Turl^ulence  and  combustion  in  diesel  ^ 
'     engines,  209-212  •  /  '  - 

' ,    methods  of  creating  turbu'isjnce,  2Q9 
,  #4cortbustioH  and  turbulence, 
/  :  209-212 
Turning,  498-500 


u.  ■. 


Safety  precautions'and  operating  '  ,  .  ; 
;  ins,triy>tions,  258,  259  .■        ,  • 
Single;afcUng.ehgine?y  2'7-32  •        '  • 
Stating.  Systems;,  ^erigijie,  )r.29- U5    . '  .  '  , 
Stationary  parts  of  an  tfn^*n>,  principal, 

'33r'54'-';:,.v,-  ^"'r'.^^,-.  '  r/^]- 

^ubmerge^  tube  disiilling^plan^s '  ^      ,  , 

3$7.365,...     [   N  ']  •  . 

■  '     ail- eie,<?tof  circuit.  36J  •/  .■  -...•^  ; 

'  vV,.  brine, circuit,  361 ^ ,         '  ' 
,  •    -distinato  pircuit,  360, '3^^ .  "     • ' 
:^  »  K>petatibn  of,  3(1^1 -'365  '     ;  '  •.  ,' 

'  salmiiy  monitoring  and  indicating,~3<6{ 
>  .  seawater  and  feed  circuits,  361.  " 
.'•  'steatn.circuit,  3591360 

vapor  circuit,  360      ;  *  .  . 


Ungrounded  two-wire  24-volt  d.d". system, 

■  2^^,287  ■  '    '  .  •■ 

Unit  ihiector  system,  227-23 1       •     •  ■ 


Valve  mechanisms,  55-63 
, ;  ,  cam  foilQwers  and  lash  adjusters,  64-63 
rocker  arm^vand  push  rods,  60,  61 
valves,  ,S  5-60  ■•    .  '  ' 

bent  valye^;  56 
'     ,    broken  vglve  heads,  60       .  ' 
;^  ,         broken  valve  springs,  58,  59 
'  -     _  Ipiirned  Vgjvcs,  56  ■ 
'It^oseji^alve  seats,  56,  57 , 
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Valve  mechanisms-Continued 
valves-Continued  ^ 
pitting,  57V  58  f  ■  . 
*   sticking  valves,  ;y5,  56  ; 
w^k  springs,  56 
worn  valve  keepers  and  retaining 
washers,  59 
Valves,  1 64-^168  .  ^ 
Valves  and  pumps,  3  n -33 1 
Variable  stroke  pumps,  323,  324 
Ventilation  equipment,  426430 
Vertical  bairfcet  distilling  plants,  375-379 
distillate  circuit;  378 
feed  flow  circuit,  376 
noncondensable  gase^378,  379 
steam  flow  circuit,  376 
^  vapor  circuit,  376-378 
V-type  dieseJ  engine,  2-stroke,  operating 
mechanism  of,  99-10! 
accessory  drive,  101 
camshaft  drive  and  valve  actuating 
gear,^99-101 


1 


w 


Watchstanding,  365-371 
air  ejectors,  369 

» 

brine  conqentration,  370 
^control  drifice,  368 

desuperheating  of  steam  supply, 

^  368,369  / 

distillate  testing,  365-368  ^  ' 

feqd  levels,  368 
« 

fifst-effect  tulKj-nest  vacuum*  369 
las^ffect  ^ell  vacuum,  369  \ 

operating  record,  370,  371 
Venting  evaporatQr  tube  nests,  369 
weight-loaded  regulating  valve,  368 
Water  passages,  engine,  160,  161 
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Your  NBCC  .contains  a  set  of  assign-^ 
Mnts  and  sel^-se^ring  answer  sheets 
{packaged  separately) .  The  Rate  Training 
Manual,     ,        ENGINEMAN  3&2 
NXVEDTRA  10541-C   ,  is  your rtextbook 
the  NRCC.  If  am  errata  sheet  comes  with 
«€he  MBCCi  make  all  in^dicated  changes  or 
corrections •  Do  not  change  or  correct 
the  textbook  or  assigncvents  in  any  other 
way. 

HOW  TO  COMPLETE  THIS  COURSE  SPIK:CESSFULLY 

study  the  textbook  pages  given  at 
the  beginning  of  each  asi^ignment  before 
tiding  to.  answer  \the  items  •  Pay  attention 
to  tables  and  illustrations  as  they 
contain  a  lot  of  information.  Making  your 
own  dtawings  can  Aielp  you  understand  the 
subject  matter-  ilso,  read  the  learning 
objectives  that  precede  the  sets  of  items. 
The  learning  objectives  and  items  are 
base.d  on  .  the  isuiject  matter  or  study 
material  in  .t|hy\textb^      The  objectives 
tell  you  whatVyou  should  1^  aible  to  do 
by  studying  as^ign^d,  textual  -niaterial  \ 
"and  answering sthe 'itet^\'\, "  ^:  ^^'^v'. 

.'Xt- .  tJiiy;  ppint  \you  ^ should  i>e ;  r*aay, ,  , 

to  an|^w^^i'r  ±he  ileitis  In'/. thlfij^V'i^ 
••Itea^;  each//'ite'm  qa^ref iilij^ . Sei^cfr-  .the.  ; 
^'BE'ST  ANSWE)^  for've^q^  item/' <^nBu?,t;ihg;  (  - 

yQur-  textbook  when,.,  neoessary."  Be^'^ur??;  •  \'\. 
''  to  ':m(iiX(kct  thei  .BiiST -MSWER  ftom  the''  .,,v^, 
''iubject,  iiil£tiijir-:iri^  thl,  textliook  .  You  :iaay  ' 

^Iscuss  difficult  jpoiiits  iLn  tite^epurs?  ... 

with'  othai:#.  However^  the  answer  you,^,'   ,  . 

s«le9^.  aust,  be  your;  owttv  Use  only,  the  ;  ' 

self-scoring  answer  shofi£  deiignatsd 

foir;vyour  aasi^jmseht ,  Follow  thd  stsor^ng 

di^ectidils  given-  .on  ,        answe;?  sheet  ; 

its'elf  and  elsewhere*  in;  tHij(  course •  . 

■  ;  ;  Yopir-  NRCC  will  fae'adstinlstered  by 
youif  coitoand  or,^  i|t  the.  ck»f^  ^of  aftnall 
coemaniiMf^  by  the  Naval  Education  and 
Triiijrtinf  P£i6gx^|Mto  JDeveloproent:  Center  A 
1^  laatter  *Ao  administers  your  .course 
yduVtan  ^completje  it  successfuliy^jDy 
earning  gra^es^Tthat  average  ^•Z^y 


higher.  If  you  are  on  acti^^  duty,  the 
average  of  yotur  grades  in  all  assign*** 
ments  roust  be  at  least  3.2.  If  you  are 
NOT  on  active  duty,  the  average  of  your 
grades  in  all  assigniaents  of  each 
creditable  uinit  must  be  at  least  3.2, 
The  unit  breakdown  of  the  course,  if 
any,  is  shown  later  tinder  Naval  Reserve 
Retireibent  Crsdit* 

WHEN  YOUR  COURSE  IS  ADMINISTERED 
BY  LOCAL  COMMAND 

As  soon  as  you*  have  finished  an 
assignxaent,  si^mit  the  cpippleted  self- 
scoring  ans%^,r  sheet  to  the  officer 
designated  to  administer  it*  He  will 
check  the  accuracy  of  your  sicore  and 
dlscviss  with  you  the  items  that  you  do 
not  understand.  You  may  wish  to  recoYd^ 
your  score  on  the  assignxaent  itself  since 
the  self -scoring  answer  sheet  is  not  ' 
i»tumed. 

If  you  are  couple  ting  this  NRCC  to 
become  elirgible  to  take  the  fleetwide 
advancexi>ent  exeot^ation,  follow  a 
0  sc^isedule  thatf  wi!us;  enable  you  to  complete 
.  all;  .4#«i-gnmeriAs  inH^JW.  Yotir  schedule  - 
:  should  call  fox^^^e  "completion  of  at 
1^4#t  one  asi^ignment  per  month, 
v;      "v-;-*.  ■       <  :   ■  _  *  '      '  ) 

./  'Xlthouc^h  you  complete  the  course 
^puqpessiully'r^<f^e  NilVa4;  Education  and 

Training  Prdgiaim  ^veicij^     Center  will  ' 
^  |iot  issue  *you>  a  letter  o'f.  sa^tis factory 
\  cmp^etioft  t  Youi;:  conSpnatnd  wiill  make  a  note 
;*;in  your  servio«/ record,  giving  you  credit 
>  for;  your  work-;  ^      f  *  •/;,  ); - 

;  ' .  ^       ■   •       ■  ■  '^  V"'' 

.  WHfiN  YOUR  Cbvkffi  IS  ADMI^ 
"tfY  THEmVAL  fil^ATION  ANri  TRAINING 
PROGRAM  DEV^mnteNT  CENTER 

»^    Y\ After "^hishing  an^assi^nmerit,  go 
on  /to  the  neKt  •  Retain  c^ach  coit^leted 
self  "^scoring  answer  sheet  until  you:  , 
^i^ish  all  the  as^ignmehts 'in  a  unit  (or 
in  the  ODurfe  if  4t  is  not  divided  into  . 
.  .uhits).  lining  the  envelopes 'protyided. 


m^il  your  self-scored  answer  sheetis  to  the 

N'avai  Education  and  Training  Program 
Development  Center  where  the  scores  will, 
be  verified  and  recorded.  Make  sure  all 
Dlahks  at  the  top  of  each  answer  sheet 
are  filled  in.  Utileaisi ,  you  furnish  all  the 
information  required,   it  will 
impossible  to  give  yQ^^<;predit  for  your 
work.  You  may  wish, to  record  your  scores 
on  the  assignments  since  the  sej^f -scorinq 
answer  sheets  are  not  returned. 

^ The  Nival  Education  ai\d  Training 
Program  Development  Center  will  issue  a^ 
letter  of  satisfactory  cpnipletion  to 
certify  Successful  completion  of  the 
coutse  (or  a  creditable  unit  of  the  . 
cours'e)..  To  receive-  a  course-con^let ion 
let^ter,   follow  the'  directions  given  on 
the  course-conipletion  form  in  the  back 
of  this  NKCC. 

You  may  keep  the  textbook  and 
assignments  for  this  course,  Recurn  them  ^ 
Qnly  in  the  event  you  disunroll  t\rom  the 
course  or  otherwise  fail  to  complete  the 
course.  Directions  for  returning -the 
textbook  and  assignm€»nts  are  given  on  the 
book-return  form  in  the  back  of  this 
NRCC.  .  .    ^  '  ^ 

PREPARING  FOR  YOUR  Af>VA>JCE.MENT 
EXAMINATION 

Your  examination  for  a(|yancement 
'is  based  on  the  Manual  ^  Navy  Enlisted 
Manpower  and  Personnel  Classifications 
and  Occupational  Standards 
(NAVPERS  18068).     The  sources  of 
questions  in  this  examination  are  given 
in  the  Bibliography  for  Advancement 
Study   (NAVEDTRA  10052).     Since  your  • 
NRCC  and  textbook  are  among  the  sources 
listed  in  this  bibliography^  be  sure 
to  study  both  -in  preparing  to  takj!  your 
advancement  examination.     The  qualifica- 
tions for  your  rating  may  have  changed 
since  your  course  and  textbook  were 
printed,  so  refer  to  the  latest  editions 
of  NAVPERS  180^68  and  NAVfiDTRA  .  10052 . 


NAVAL  RESERVE  RETIREMENT  CREDIT 

This  course  is  evaluated  at  30  Naval 
Reserve  retirement  points,     Thesa  points 
are  creditable  to  personnel  eligible  to 
receive  them  under  current  directives 
governing  retirement  of  Naval  Reserve 
personnel.     Points  will  be  credited  in 
Ainits  as  follows: 


UNIT  1 


UNIT  2 


UNIT  3 


12  points  Mpon  satisfactory 
completi^|x;iDf  Assignments  1 
through  6.  . 

12  points  upon' satisfactory 
completion  of  Assignments  J 
through  12.'  - 

6  points  upon  satisfactory 
ccjppletion  of  Assignments  IJ 
throiigh  15.  ' 


Naval  Reserve  retirement  credit  will  not  be  given ^ 
if.th^  student  has  previously-received  credit  for 
any  Engineman  3  &  2  ECC  or  NRCC. 


COURSE  OBJECTIVE 

upon  completion  of  .the  course  *■  y 
assignments  you  will  have  demongtrated 
improved  professional  competence  by 
selectin^i  correct  answers  to  questions 
about  the  following  subjects:  the 
construction,  design,  operation,  and  " 
maintenance  of  diesel  engihes,  reduction 
geirs  and  related  auxiliary  equipment 
and  supporting  Systems;  the  design  of 
gas  turbine  engines?  the  design,  construc- 
tion, application,  and  maintenance  of 
mechanical  components  such  a«  pumps, 
valves,  and  control  devices;  thtf  design, 
operation,  and  maintenance  of  marine- 
auxiliary  equipment,  specifically 
compressed  air  systems,  •  evaporators , 
.refrigeration  and  air  conditioning 
systems, ^deck  machinery,  steesring  gear,** 
and  laundry  and  galley  equipment;  and 
the^consti^uotion  and  use  of'  the  common 
engine  lathe.  , 


While  working  on  this  nonresident  N 
career  course,  you  may,  refer  freely  to 
the  text.     You  may  seek  advic*  and  instruc- 
tion from  others,  on  problems  arising  in  ' 
the  course,  but  the  solutions  submitted 
must  be  the  result  of  yoUr  own  work  and 
decisions.     You  are  prohibited  from  re- 
ierring  to  or  copying  the  solutions  of 
others,  or  giving  completed  solutions  to  ' 
anyone  else  tajcin.g  the  same  course. 
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ii 
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N^val  nonresident  career  courses  may  include  a  variety  Of  Items      multiple-choice,  true*false, 
matctilng^  etc.   The  Items  are  not  grouped  by  type;  regardless  «af*  type,  they  afe  presented  ih  the' same 

^general  sefiuence  as  the  textl^k  material  upon  which  they  are  tesed.    Xhis^resentation  is  designed 
to  preserve  Qontf||«B^  of  thought,  permitting*  step-by-step  develop^nent  of  ideas.    Some  courses  use 
many  types  of  i^fe^^thers  only  a  few."*"  The  student  can  readily  identify  the  type  of  each  1te«  {and  • 

.  the  act  lot)  requi?Mii»  him)  through  Inspection  of  the  samples  given  below.  , 

"  -  .      ^  .mJLTIPLE-CHOICE  ITEMS      '  .\. 

.    •  '  Each- item- contains  sevefal  alternatives,  one  of  which  provides  the  best  ansi^r  to  the  i^. 
.  Sele\:t  the  fces.t  alternative  "hn^  erase  the  appropriate  box  on  the  answeV  sheet.  '       *  ^ 

*  SAHPLE  .  ^  .  ' 

The  first  person  to  be  appointed  Secretary  of  Defense  The  erasure  of  a  correct  answer  is  in-  | 
under- the  National  Security  Act  of  1947  was  dilated  in  this  way  qn  the  answer  sheet: 

George/ Marshall 
2.  ^Jaifles'^ForrestaV 
3,..ChestV>  Nimltz 
4. 


kill  Ham  Ha.lsey 


^    -  •  TRUE- FALSE.  ITEMS 

Determine  if  the*  statefnent  Is  true  or  false.    If  any  part  of  the  statement  Is  false  the  state- 
mnt  is  to  be  CQn\ideml  false^/  Era^e  the  appropriate l)Ox- on  the  answer *sheet -as  indicated  belOw- 

*      "  .  %     .  SAMPLE 

,s*-2.  Any  naval  o^T^cer'Is/autf^rized  to*  correspond 

bfficially  wr-^  a  fiureau  of  the  Navy  Department 
.  -    without  his  compianding  officer's  endorsement. 


The  erasure  of  a  correct^ansn^r.  is  also, 
.indicated  in  this  way  on  the  answer 
.sheets  "  ^  . 


MATCHINfr  ITEMS 


S-?  iiir?nMtipr 

s,  phrases  or  sentence! 


^ach  set  at  ijiems' consists  af%«3  colunms,  each  listing  words,  phrases  or  sentencesii    The  task 
is*to  seTat'the  item  in  column  B  which  is'  the  best  match  for  the  it^  In  coTi^m  A  that  .is  being 
considered.  in  column  'B  may  be  used  once,  more  t+ian  once,  or,  not  at  all  /  Specific  instructions  , 

*  are  given  with, each  set'of  Items.  Select  the  numbers  identifying  the  answers  and  erase  the  '  4 

apprdpflate  boxes  on.  the  atiswer  ^sheet.  ^ 
•  *  .     ■  5  AMPLE     ^  , 

In  items  s-3  through  s-_6,  match  the  n^TO  of  the  shipboard  officer  in  column  A  "by  *selec]yng  fro©. 
-ci)lumn  B  the  nanie  of  the  deplirtment  in  ^hich  the  £ifficj&r  functions.  ,  " 


A,  Officers        ;  * 
S-3T  Dimajte  tontrql"  Assistant 
s-4:*CIC  Officer^.*    ' i'  \ 
's-5.  AssistSrnt  ^or  Disbursing 
■-s'lfii^ojminlcdtiorjs  Officer 


'     B>  Departments 

l\  Operations  pepa/tment 

2.  Engineering  Departiwnt 

3.  Supply  Department 


the  erasuVf^of  a  correct  answer  is  in- 
■  'dic^ted  ifi  this  way  on  the  answer  sheet: 


How  To  Score  Your  Xmmediate  Knowledge  of  Results.UKOR)  Answer  Sheets 


Total  the  number. of  In- 
correct erasures  (thoSe 
that  show  page  numbers) 
fht  eadh  hem  and  place 
irt  the  blank  -Space ^at 
the  end  of  'each  >item.  . ' 


^Safp]e'  OTly 


Number  of  boxes 
erased  incorrectly 


Vour  sco>^e 


.faOttOT  o1 


^Now  TQTAL\the  column(s)  of  inSbrrect  erasures  aiid  find  your  soore  in  the  Table  at  the 
t^-e^CH  ap*per-shiBet.  .  •       -         '  , 


If «.-on  er 

until  "C". 


'Sheet 

!ng,.a  page  number  appears,  review  text- (startlng'on  that  parge)  and  erase  a'gain 
'CC",-  or  "CCC"  a,ppears_.    For  seurses  administered  by  the  Center,  the  maximum 


■ERJC  , 


mmker  of  points  (of  Incorrect -erasures )  will  be  deducted  f ran"  each  Item  whichiioes  NOT  have 

a  "ff',  "CC".  or  "CCC"\Ajncov€red  (I.e.,  3  pts.  for  .four  choice  Items,  2  pts.  fo>  three  cholia 
•1  terns,' and.  fp|.,  for  T/F  Items):.             ;  '     ■        '   '.  %    •         .  ^  ■ 

*      *    •  ■■'     '  .    ■  -  'iii 


Assignment  1 

i^vaocegent  and  Ruciprocatii^tg  Internal -Combust  ion  ^giacs 
Texcbook  Aaaig,na«nt Pages  I  through  23 


In  this  cpuni«  you  will  <^e»ongtr*t§r^that  lisanjing  has  taken  place  by  correctly  answering 
training  itra«.    The  m^rc  fliyaical  ac^.of  indicating  a  choice  on  an  anawer  sheet  is  not  in  icaelf 
important;  it  i«         mental  achievement,  in  whatever  form  it  «ay  take,  prior  to  the  physical  act 
that  la  important  and  toward  which  course  learning  objy tlves  ure  directed.     The  selecfiioa  of  the 
correct  choice  for  a  course  training  item  indicates  that  you  have  fulfilled,  at  IcastCTin  part, 
the  seated  objective(s) , 

This  accompiishaent  of  certain  objectives,  for*  example j  a  physical  act  such  as  drafting  a 
memo,  c4nnot  readily  be^  dexero^nlfcd  by  means  of  objective  t^pe  cpurse  items;  however,  you  can 
demonstrate  by  means  of  answers  ro  training. items  that  you  have  acquired  the  requisite  knpwledge 
to  perform  the  physical  act.    The  accompliahmen^rof,  certain  other  learning  objectives,  for 
example,  the  mental  4cts  of  comparing,  recognizing,  evalMacing,  choosing,  selecting,  etc-,  may 
be  readily  detaonstrated  in  a  course  by  ^^icating  the  correct  answers  to  training  items: 

The  comprehensive  objective  for  this  course  has  already  been  giytftT-    It  states  the  purpose 
of  the  course  in  terms  of  what  you  will  be  able  to  do  as  you  complete  the  course. 

.The  detailed  objectives  in  each  a9signment  static  what  yota  shduld  accomplish  as  you  progress 
through  the  course.    They  miay  appear  singlyor  in  clusters  of  closely  related  objectives,  as 
appropriate;  they  are  followed  by  itemi^  which  will  enable  you- to  indWfite  your  aecompllshinent 

All  objective  'in  this  course  are  learning  objectives  and  items  are  tea'chkng  items.  They 
Il^oint  out  important  thingi,  they  assist  in  learning^  and  they  should* enable  you  to  do  a  better 
job  for  the  Navy.  ^  ^  -        .  ; 

This,  self -study  course  is  only  one  jjart  of  the  ^otal  Navy  training  program;  by  i£s  very 

natuife  it  cai>  take  yoii  only  part  of  the  way  to  a  training  goal.    Practical  experience,  :ichools% 

selected  rifading, '  and  the  desire  to  accomplish  are  also  necessary  to  round  out  a  fully,  mean ingfiil 
training  program.  "  , 


Learning  Objective:  Idenjiif^he 
Sngineman  rating,  listing  some  of  the 
duties  and  rssponiiibilities  of  the 
personnel  who  hold  this  rating. 
Textbook  pi^ge.l. 


>4;^T»    Which  of  the  fallowing  Is  a  description 
of  xhe  Engj^n^ftan  r^te?  ^ 

1.    A  general  rating  in  the^ngineering 
group 

2«    A  special  rating  hald  by  those  who 
operate  only  one  kind  of  engine 

3.    A  service  rating  within  the 
Machinist's  Hate  rate 

4,.  A  service  rating  within  any 
'    engineering  and  tuill  group  rate 


1-2,    A  general  #ating  identifies  a/an  ' 

1.     individual's  job  qualifications  ^ 
\  2.    specialty  us^  in  wartime 
:  3,     broad  occupational  field  of  related 
duties  and  functions  \  ^ 

4,  individual's  performance  in  completing 
his  Personnel  Advanc^ent  Ra^uirements 
(PAR)> 

^-3.    An  Engineman  in  M  division  will  moUt 
probably  be  assigned  to  maintain 


1.  steering  gear 

2 .  ref  r igera  t  ion . equ  ipment 

3.  cranes  and  winches  ^ 
'4.  propulsion  machinery 


1  < 


■J 


1-4.    Kb  you  move  up  the  prdsaotlon  Jladder  to 
EN3  or  ^2,  which  of  the  eollowfng  " 
'd«8iicrlb«s  your  technicAl  leadership 
reupcnsibilit  leis? 

1^    They  will  bis  sore  general  in^.  nature 

2.  They  will  be  aior^  directly  related 
to  yoor^work 

3.  They  will  include  aore  o^ilitary 
retiponsibiiities  than  for  personnel 
who  ho  id  o  t  he  r  ra  t  inga 

^      4.    They  will  require  only  that  you  tell 
otheni  what  to  da 

1-5.    An  Engineman  demonstrates  technical 
leadership  best  by  * 


perfonoihg  work  with  integrity  and 
incrjeasing  knowledge 
developing  military  leadership 
taking  pride  in  military  aopearance 
demonstrating  the  manual 'arms 


1-6,    Sow  can  you-  deroon^ttat^  integrity  df^ 
work?' 

1.     By  Jit  and!  ng  watches  , 
^     2«    By  repairing  leaky  valves 
.     3.         cleaning  your  equipixieu?^ 

4.     By  performi'Yig  each  of  the  above  as 
well  as  you  can 


teaming  Objective:^  DAscmss  the  purpose 
of<  Navy  Enlisted  Classification  Co^L/^ 
(NEC'S),    Textbook  page  2.  /  ' 

:  ^  '    ■         ^  — — - 

Which  of  the  follx>wlng  is  a  purpose  of 
Che  i^vy  Enliated  Classification  Codes 
(NEC's)?  ^ 


1-7, 


1.. 


.3. 
4, 


To  recruit  ^vy  saen  and  women 

To  identify -skills  and  training  ^- 

required  for  specific  feypes  of 

operations  or  iequiptaent-  ^ 

To  determine  ^wh^  will  advance      ,  ' 

To^classifj^  information  about  ships 


Learning  Objective:     Identify  ^he 
essentials  of  !:he  Navy  feniiated 
Advancement  System.     Textbook  pag#s 
2  through       ,  < 


1-9. 


1-10. 


1-11. 


1-12: 


0    NAVPERS  18068^,  ^The  Wamjal  of  Navy  Erflisted 
Manpower  and  Personnel  Classifications 
and  OccupatioTtal  Standards  lists  the  KEC*ft  that  . 
.  y6u  are  eligible  to'  tVy  foif,  •  . 

^-8.    Where  can  you  find  a  copy  of  NAVPERS 
'  18068? 


U  'Jtn  the  L6g  Room 

2.^    In  the  Personnel.  Office 

3i     In  the  Suppl)^Of f ice* 

4,     In  the  dperations  Offiqe 


Wlilch  of  the  following  is/are  required 
for  advancement  in  rating  to  EN3  or  EN2? 


1. 


3. 
4. 


Reccimsendation  of  your  commanding^ 
officer 

Passing  a  written  exami^tion  on 
occupational  standards  applicable  to 
your  rate  *  ' 

Length  of  time  in  paygrade 
All  of  the  above 


Which  of  the  following  is  NOT  a  require-' 
ment  for  advancCTient  in  rating  to  EN3  or 
EN2?.    ■   .  ■ 

.      '  ^  '         "  ^ 

1.  Dewnstrate  ability  to  do  everything 
^    :Ilsted  for  EN3  or  EN2  in  the 

Persotinel  Advancement  Requi^c^nt 
(PAR)  Program  (NAVPfiR&*.14i4/4) 

2.  ^  -Pass  a  written  E-4  or  E-5  Military/ 

Leadership  exasi^tion 

3.  Qdmplete  the  mandatory  Rate  Trsfning' 
^       Manual,  Engineman  3&2 

4.  Deaohstrate  knowledge  of  subject 
matter  in  related  ratings  at  the 

^  same  paygrade  ' 

What  factor(s)  'determiQe(s)  ySur  final 
multiple  score? 

1.  Score  on  /stdvancement  ^x^sjination 

2.  Length  of  time  In  rate 

3.  Pjl^forman^e  marks 

4.  Each  of  the  above 

To  find  the  reqi^lred  and  recommend-ed 
training  eoiirsas  to  study  for  advanc^aent 
in'^  r^tlAg,  what' publication  shoiild  you  . 
consult?  .  ^ 

!•    Navy  Enlisted  Manpower  and  Personnel 
jCl^assif ications  and  Occupational 
Standards,  NAVP'ER§  1§0^  (current 
-  *      series)  • 

2.     Bibliography  for  Advancement  Study* 
NAvEDTRA  10O52  (current  series) 

3'.     Guide  for  Enlisted  Classification 

4.  '  Shipboard  Train:tng  Manual 


o 

ERIC, 


% 


r«-13.    Wh«n  studyiag  for  iidv«xic^ttnt«  ra««»b«r 
chat  you  wUX^bfi  tcst«d  oa  th«  standlnrdB 
^th«£  apply  to  . 

1.  thc,rit«  iev«l  to  vhich  you 
advftsu:m#nt  --^-^i  * 

2.  your  prM«nt  %M  l^^t  rata  lavala 
'3.    tha  rata  laval  you  saak  and  li|ghar 

»j  lavaia    \  * 

4.    t ha  rata  laval'  to  which  V^i^  aaak 
advancaaant  and  lowar  lavels 


1-20.    What  paygradaa,  {f  any,  ara  axMptad 

from  tha  Paraon&al  AdvaticaaiaQt  Haqulra- 
mant  .<PA&)^  Frograai? 

1,  E-3  appratiticaahlpa,  E-S,  and  E-9 

2.  £f-8  and  E-r9  on^y:  ' 
,3.    E-^S  appranticaahipa  only 

4.    Nona  • 

What  Information  im  found  in  Section  XI 
of  tha  PAR? 


1-14.    Who  achadulea  tha  Military /Lafde^ahip 
Exaaioatiooa? 

1.    Chiaf  of  Navals  ParaooQal 
/  2.    CosHBandiog  Officer 
3«    DivisjLon  Qfficar 
4,^  Education  Sarvicea  Offlc'er 

1-15.    What  do  Occupational  Standards  Idantify? 


1,  Military  raquirananta 

2,  Laadarahip  raquirmants 
3«  Work  ^raquirMianta^. 

4.  Each  of  tha  abov4 

s    '         '      '  '  ■ 

Wfiara*&ra  (a)  Naval  Standarda  and  (b) 
Occupational  Standarda  fpund  in 
HAVPIKS  18063? 


1-16. 


1-17. 


1.     (a)  Saction  I  (p)  Saction  II  ^  • 
j^2.     (a)  Saction  II  (b)  Saction  X 
3-     (a)  Sactiolo  I  {li>  Saction  I 
4.    <a)  Saction  II  (V)  Section  Oil 

\ , 

In  anavar^t^  itaaw  1-17  axid  1-lS,  rafar 
to  figuraa  1-3  and  1-4  of  tha  taxt. 

Aftar  gtudyixxg  piping  and  valvaa  what 
topic  ahould  yoM  atudy  naxt? 

1.  FropuXaion  , 

2*  Caaualty  co^rol 

3«  Auxiliary  nachinary  - 

^  4,  Diatillittg 


1-18.    What  inforaation  la  foun^lp  block  (2) 
of  your  Profila  Infortaation  Form? 

If  Exaalhatlon  atatua 

2.  Your  final  multiple 

3.  Hinlaua  liailtipla  raquirad  ' 

4.  Standing  ' 

1-19.,  Which  of  tha  following  raplacaa  tha 
SLacord'of  Practical  Factora? 

\^  Faraoxmal  Quali£icatioii'|^ndarda^ 

.  2«  ' Enginaaring  Op*rationa  Saquancing. 

"  '  Syataa  • 

3.  JParaonnal  Advancafiant-  Raquiraiaant 

'  KFAfe)  Frograa       ^  ^ 

4^  Occupatiooar  Standarda 


1. 

2. 
3. 
4. 


Fomal  School  and  Training  Raquira- 
Masita 

Adminiatration  RaquireMnts 
Occupational  Raqulr^Mnta 
Military  Ability  Raquimanta^ 


Laar^ing  Objactivef^  Daacri^a  tha 
'functions  of  tha  Enginaaring  Opera- 
tional Sequencing  Syatas  (EOSS). 


Textbook  page  9. 


1-22.    Which  of:  tha  following  dasctibaa  EOSS? 


ERLC 


1. 


2. 


3. 
4. 


A  group  of  ganaral  procaiuraa  ti^t 
covara  all  ahipa  of  tha  aa^  claaa 
Details  the  sequmstial  opatational 
functiona  foi\tha  cc^lat^  cycle  of 
plant  evolutions 
Includes  PHS  and  PQS  . 
la^iroves  everything  except  wat<^ 
standing         -  /' 


£OSS  will  standardise  watchatanding 
between  ships. 

The  priauiry  goal  of  EOSS  is  to  iiy>rova 
operational  readiness  by  improvesantf 
in  operation  and  casualty  control 
procedures.    What  ia  the  secondary 
feature  of  BQSS?  f 

1.  To  provide  a  FAR  checkoff  procedure 

2.  To  proVide  aid  in  traininf  new  «an 

3.  to  improve  3-41  procedures 

4.  To  standardise  proficiency 

- — ' —  %  — — — — *  .  ....  -  .....  u  

Learning  Objectives    Discuss  the  purpoaea 
of  Feraonnel  ll^ification  Standarda. 
Textbook  pagn  9  and  10. 


4^ 


) 


1-25,    Which -of  the  following  fCinctions  NOT 
«erv«d  by  che  Persoui;^el  Qualification* 
Standtrdfi? 

1,  D«t8crib'ing  the  knowledge  and  sk^llB 

n  trainee  bhjsc  havs  to  per form^.duties 
correctly 

2.  Providii^  a  petty  officer  to  tfiaeh 
the.  l^raer  in  each  atep  of  work^ 

3.  Ia44viduali£ing  learning 

4,  Placing  responaibility  for  ieal^ig 
on  the  learner 


1-26. 


a-27. 


1-28, 


1-29. 


ERLC 


Personnel  Qualif icationa  Standarda 
aupport  the  advancement  in  rating 
requiresents  which  are  given  In  the 

1.  Baaic  Military  Requiremente ,  NAVTRA 

2.  Bibliogsaphy  for  Advancement  Study, 
.    5WVEDTRA  10032  aeriea 

3.  Navy  Enlisted  Manpower  and  Personnel 
Claaaif Icationa  and  Occupational 
Stand5ird»  NAV5;eRS  .18068  aeries 

4*    Peraonnel  Adyanceaeht  Requirement 
(PAR)  Program,  ^^AVPEas  1414/4 
*  ' 

Which  aubject  section  ia  NOT  contained 


1.  iOD  aeries  -  Theory 

2'.  300,  aeries  -  Watchstanding 

3«  Feedback  forma 

4.  Hainteuance 


Laarnihg  Objective:    Identify  the 
purpose,  benefits,  and  limitations 
of  the  Planned  Maintenance  System. 
Textbook  page  10, 

W^h  of  the  following  is  NOT  i  i^rpose 
d[f  the  Planned  Maintenance  System  (PMS)? 

1.    To  administer  examinations/on 
maintenance  theory 
*  2^^    To  provide  for  detection  and 

prevention  of  ia^ending  wsualcies 
3.    To  deacril^e  the  methods  aiKi  tools 

to  be  usad    *  *  * 

<  4.    To  estimate  sod  evaluate  material  * 
readiness  "  - 

Which  of  the  following  actions  is  NOT  . 
required  for  the  Pla^noed  Maij^tenaoce 
System  to  be  successful? 

1,    Prof assionai  guidance  from  aeveifal 

available  sources  . 
2v    Obtaining^  a  degree  in  maxiagement 

3.  ,  Direction  at  eath'echeion  of  the 

orgittizAtiop 

4.  Traiifiixg  in  thg  maintenance  steps 
^aod  iti  the  system 


Learning  Objective:    List  sources  of 
information  for  Engin^en  who  wish  tq 
advance  in  their  careers.  Textbook 
pages  IX  through  14 «  . 

  •  '   :  ^  ivll__ 

1-30.    Whexj  studying  for  advanceront,  which  of  . 
the  following  publicatidns  will  be  a 
fiinderance?  ^ 

1.  NAVSEA  Journal 

2.  \Blueprint  Reading  and  Sketching 

3.  NavH  Ships'  Technical  Manual 

4.  Obsolete  rate  trjiining  manuals 

1-31.     If  extensive  changes-  occur  in  the 

qualifications  for  a  rating  between 
the  annual  publications  of  NAV^TRA 
r0052,  where  can  you  find  a  list  of 
study  material? 

1;  NAVAL  SEA  SYSTEMS  Notioea 

2.  KIPERS  Notice  '  ■       '  .^ 

3.  NAVEDTRA  10052  supplements 

4.  Naval  Ships'^  Technical  Manual 

1-32,    Which  of  the  coursag  listed  in  NAVH)TRA 
10052  for  your  rating  must  you  complete  ' 
to  be  eligible  to  take  the  advancement 
i^n  rating  examinations? 

IJ  All  courses  listed  for  the  Engineer- 
V^ing  ar^  Hull  group 

2.  All  courses  listed  for  the  next 
higher  rate  ( 

3.  Courses  marked  with  an  asterisk  at 
th|^j\ext  l^gher  rate 

4.  Unmarked  courses  listed  for  the  next 
highei*  ratir  '  ' 

^^33.    Assume  that  you  are  an  ^3  preparing  to 

take  the  aarvicewide  advancement  in'  rate  ^ 
examination  for  ES2.    Whioh  courses 
refetences  listed  in  NAVEDTRA  10052  seri« 
will  you  be  examined  qpl  >^ 

_     ,^      1,    All  courses  and  refertoces  listed 
\  '*  for  E-4  and  E^5  for  the  EN  rating 

2.  All  courses  listed  for  E-5 
Engineering  ratings 

3.  Courses  marked-  with  an  astf^JLak 
for  E-5  arid  E-6  in^th^  EN  i5ating 

'4.    Courses  marked  vltli  an  asterisk, 
for  E-5  Engineering/Hull  ratings 
and  ail  references  iot  f^-^S  , 
Eogineering/Huli  rating  - 


^£n  itmoM  1-34  through  1-36,,  e«l«ct  thtt  publlcii- 
tion  from  coluon  B  that  is  ^  source  of  the 
lnfora«ti6n  In  cdiuao  A. 


 Information 


1-34.  Koowledga  and 
.  akilla  appli^ 
cable  to  each 
paygradd  within 
tha  Engineman' 
rating 

1-35*    Latest  edition 
of  a  glvejQk  Rate 
Training  Manual 

X-36.  Refarancea 

iov  lource  mate- 
rial fot  advaiu:e- 
mant  exaainations 


,1-37. 


1-38. 


1-39. 


B.  NAVEDTHA 

Publicationa 

1,  Navy  Enliated 
Manpower  and 
Feraonnal  Claaai- 
ficationa  and 
Ctocupatioaal 
Standards 

2,  bibliography 
for  Advanc^ant 
Study,  NAVEDTRA 
1005^  ser:{.es 

3.  ,  List  of  Training 

Manuals  and 
Correspoxidence 
Course,  NAVEDJIIA 
*    1Q061  aeries 

4.  The  Metric 
Systea.  NAVEIStRA 
475-01-00-75-1 


Each  rate  training  manual  contains   '  ^ 
information  relating  directly  to  the 
occupational  qualifications  of  several 
ratings. 

What  is  the  best  source  of  definitions 
to  the  technical  terms  used  In  your 
textbook? 

1.  Yciur  leading  chief 

2.  l];iassary  at  the  end  of  the  text 

3.  Webster's  New  Collegiate  Dictionary 

4.  ''Each  Chapter 'of  ^your  text 

Which  of  the  following  hints  for  studying 
should  help  you  get  the  sK)st  fr^^m  'your 
Navy  training  course?.  •  ^ 

1*    Devote  your  tine  exclusively  to 
^        important  military  topics 

2.  Try  not  to  cover  a  cooplete  unit  in 
any  one  study  period 

3.  Omit  easy  material;  study  only  the 
most  difficult  and  Che  unfamiliar 

4*    Make  notes  as  you  study,  putting  the 
main  ideas  in  your  own  wo^ds;-  then 
review  ^ou'r  notes 


1-40.    As  you  atudy  a  Navy  training^ourse, 

what  study  practice  should  you  follow?  / 

V 

l.igSet  up  a  fixed  number  of  pagea  to 

*  study  in  each  an^  every  study  period 
2.    Tie  in  new  information  with  things 

you  know  already 
,3*    Hesiorlxe  as  suich  as  you  can  frc^  a 

chapter  and  repeat  it  to  a  shipmate 
4. -  Skip  over  the  illustrations  and  ' 

save  thtm  until  the  end  of  your 

course 


1-41. 


1-42. 


Which  of  the  following  is  a  monthly 
publication  that  coxitai^s  useful  articles 
about  shipboard^  engitieering  and  informa- 
tion cpnQeming  new  developments?  ^ 

|1.    Change  to  NAVSHIFS'  Technical 

Manual 
2..   NAVSEA  Journal 

3.  -  Supplement  to  appdicable  Navy 

Training  Course 

4,  Bibliography  for  Advanc«sent  Study  ' 

Aboard  ship,  blueprinta  are  filed 
according  to     *  • 

1.  ^  month  and  year  of  issue  - 

2.  *  SHIP ALT  number 

3.  numerical  sequence  in  t;he  ship's 
drawing  index  (SDI)  / 

4.  revision  number  or  lett^]f      •  * 

 ^  ■        %  , 

Learning  Objective:    Correctly  use  \ 
technical  language  to "describe  the  ' 
prj[.nclpies  of  operation  of  gasoline 
ami  diesel  eng^pes.    I^extbook  p^ges 
16  through  23.    '  ^  "       ^  ' 


1-43,    Diesel  engines  are, classified  as 

reciprocating  intetiia^-combustion 
^  engineer  because  thifey  / 

1.  "  use  energy  from  fuel  burned  out aide 

their  cylinders  • 

2.  bum  fuel  in  a  xombustion  chamber 
that  BK3vas^bac^  and  forth 

*     3,    burn  fuel-  in  a  chamber  where  it^ 
energy  moves  a  pist^on  backhand 
,       forth      '  V  ' 

^  4 1    Aise  a  continuous'  combustion  process 

^    tjo  impart  rotary  motioli'  to  the 
pistons  - 

■     .  ■-  N  ■   ■  ' 


I*-44«  -In  a  di«a«i  ftogin*.  InCenaal  coiibuttlon 
•  .  CAusM  th«  pistoft  to  siovc  by 

1.  ^  the  «did.«sioQ  <xf  fu«l  Atui  air  into 
I  th«  cooiiMiuitiQn  mpmcm 

2.  ^  {>rosur«  of  gasftf  produced  and  he«ted 
«     .  the  burning  of  fuel  axid  air  in  tha 

•  Cylinder 

3.  ap^lal^y  daai4(aad  parts  connectad  to 
'  {ft. ahaft  ,  ; 

4.  the  concept  of  reciprocity  ^ 

1-45.    The  thermal  energy  produced  by  internal 
^     ^  \^    i'CQs^bufltion  in  an  engine  is  transformed 

-   into   ''■'>.  _  /-^  . '      '    *  '     '  ^ 
'  */  ^    .-  \  ■ 

1^    cofl^matlon  ei^rgy   <  ; 
■  i.."  Intenuil  energy"'      '-'  i'    m    .  - 
;  'I        "*       3-    external' eipiergy'       '^  .s'.  ^ 

..,,-4*    faecftaiaical,'  eiiNirg;y  '  ,  ' 

.  '  *^  ^  -v'  ^  -       -  ■     V'-  ■'  '   ^'  -  ^ 

^  I:-*46.''  In  de8c;ribing  engine 'operatjLosd,  what  does 
'  /     ,    the  term  "cycle'*  wean? 

1.    The  8e<{uence  of  ^ents  that  produces 

a  power  ,  pulse  . 
2«    One  rotation  of  the  engine  crankshaft 

3,  One  stroke  of  a  piston 
4«'    Any  of  the  above 

«   -l-A?,    What  dstemiinee  the  nuaber  of  events 
occurring  in  a  cycle  of  operatioi(i? 

^      1«  Crankshaft  revolution 

/    .  ^«  Type  pf  engine  {diesel  or  gasoline)  ' 

3«  Distance  a  piston  travels  during  a 

,   -  '  -  stroke  ^ 

4.  Nuaber  of  pistons 

*  ^    1^48.  ,       desctJ^ing  enginie  operation^  what  does 
.  the  term  ^Went*^  aean?^ 

.1.    The  ptuKiuctioi^  of  high-prisswe  gases 
2*    The  r^[k)val  of  expe^kSed  combust4.on' 
gasep 

.3*    The  admission  of  air  to  the  cylinder 

'        .      ;-4.    4U  o^  the  above  ■  '  ^ 

"  »  H 

l-'45^«    The  difisel  ei^ix^e  Cycle  includes  "^ix 

cvttmts;  ,the  "gasolint  cycle  includes  five. 
Which- event  occurs  only  in  the  dieiel 
engine  cycle?  *  .  *      ^  ^ 

1.  '  Compression  eVent  ^ 
Zi    Coabustion  :evcu(&t  t  . 

3,  Fuel  injecti^  event, 

4.  ^Pover  event 


1^ 


1*50.    When  is  fuel  injected  into  a  cylinder  of 
dipsel  Vhginea? 

1.  Before  air  in  the  cylinder  is 
compressed  -     '  ' 

2.  After  air  in  the  cylinder  is 
ccHipressed  -  ^ 

3.  After  combustion  gases  in  the 
cylinder  have  expands^ 

4«    As  air  is  taken  into  £he  cylinder 

1"51^    One  cycle  ^f  engine  operation  includes  ^ 

!•    otie  co^Histion  cycle 

2.  on^  i^chanical  cycle 

3«    one  m^hanical  and  ope  combustion  < 
cycle 

47    eitl^r  half  a  mechanical  cycle  or  an 
entire  mechanical  cycle  de^^eikiing 
on  engine  tiype 

l-'l^fr^  'Which  of  the  fdllowlng  is  referred  xq  as 
^  ,  the  combustion  cycle?  , 

1,    The  me<;hanics  ofi.  engine  operation 
,  .  2.    The  lieat  process  which  produces  the 
^        .  *  ,  ,  \  forces  that  move  engine  parts  

3.  *  Number  of  piston  strokes  involved 
'   ,   4.    The\ mechanical  equivalent  of  heat 

1-53*'  What  t^rm  describes  the  series  of  heat 
4t]^ '  pre|sure  processes  St  hat  compose  a 
.cycle  of  engine  opera tioh? 

1.  Opera^ng  cycle  / 

2.  MpchanicSl  cycle    -  r  ^ 

•  3«  .  Eit hex;  mechanical  or  operating  cytile 
4*    Combustion  cycle 

1--54/   A  piston  in  a  4-8troke  cycle  engine 
makes  four  strokes  during  ea(ch 

1.    crankshaft  ravolutioi( 
\      2«    mechanical  cycle  of  o^ejfation 

3.  V'Pc^^bd  of  two  collation  cycles 
cycle  of  two  events 

1-55.    /The  fui^ional  difference  between  a  . 
/2-strol«and  a  4'8troke  cycle  engine 
is  ^n  the  number  of 

1.  plsti^n  st/rokes  each  one  needs  to  ^ 
complete  a  combustion  cycle 

2.  piston  strokes  each  one  needs  to 
^  ccmiplete  a  complete  revolution 

3*    jitrokes  in  each  combtistion  event 

4.  combustion  event  occurring  in  each 
'  stroke 
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1-56.    Thft  two  ttrok^A  o{  a  2-8trok«  cycle 
I«    pow«)r  »sKt  iatske 

2.  intake  «ild  «xhAu«t  /  9 

3.  exhaust  and  i^pmpr^isioa 

4.  '  coKptttsaiooT^axici  povilF  j 

■  /      r "  .  '  '  ^  '  . 

l«-57.    At  th«  instant  a  platon  la  at  button 

dead  cantar^  the  8K>ticm  of  tha  eranka^aft 
la  (a)       aiid;tha  »6tian  of  the  piston 

:'      I.    ^a)  coatiiVU6ua  (V)  downward 

,  2-  .  (a)  stoppad  <b)  «tbp|>«rf  * 

^3,  ^a)  conti]d^6Us  (b)  a  topped  : 

4/-  (a)  downward  (b}  djywtjward  ^ 


Hjitch  ivanta,  in  a  '4-stroke,cycJe  eingine-  liv 
/  coluiasi.  S  with  t;ha  occurrances.  ^nd  laotiona  of 
angina  partes  Ik  ebJLumn  A. 


1-64. 


For  a  given  size  engine^  the  2-8tr^ka 
cycle  angina  will  deliver  »ore  power 
than  a  4-stroke  cycle  engine  bacauae' 

1;    it  has  a  longer  pc^r  stroke 

s^re  air  gets  into  the  cylinder/aach 
attoke  \  ,     '  '  ■ 

3.  ._it  dikvelops  twicV^  a^ny  power//  * 
strokea  at  the*  same  speed 

4. .  higheir  cCHibu&tion  preaaurea  are 
.  developed     ^  V 


The  teiw  "oi^o"  and  ^•diesel"  axe  f row  the 
nai^a  of  the  intemar-H:ottbuiatic^  engine 
inventory*    Frotja  the  liat  below  find  the 
characteristic  l&  colusiin  B  that,  la  p^uliar 
to  the,  design  .of:  aa<fch  inventor  in  cojluian 


A .  Inventor 


,A>    Occurjrencje  and  Hotiot^ 


#  .  1-5^/  /Platon  descending,  .all  » 

enfaijiftg  cyli^er.  . :  ..  ■ 

-  ,  l^^9,  yPiafion  jiacandlug,  air  * 
•   ^    cha^rge- retained  in 
cylinders-    .  .-^  , 
■  '        ,    '    .        ■  ■  - '     ■    ■  ■      '-^  \  ' 

1-60, -  Fiaton  daac ending,  fuel 
s,)  4  burning  \  .      *    *  •  4 

..V*  .  -     *  ■•   •■  -       -    '  ,\  .  ■  r 

1-"61>    Fiatfott  deaci^ndln^^  waale* 
/  T'      .  ^  ^  gaaea  leaving  c^Jindet ' 

1-62.  "|ih4.c(b  event  doee^  J^T  occur  dj^ri|jg  tbi^./» 
.-,^^4*  .        ^  Vl^^*^^/^^"^®  P"^^^^n  just  reaches  top  ^  ' 
dead  center?  ■    ■  '  ,  * 

^  '  Intake       \  *  .  '■  ■ 

,,,v/2.-^  Tsnition'  '        ^   ^  '  '  ' 

.  /  *     '  •     ^3.    Poweir*       /:  ,  :  ,'. .  , 

4.     Exhai^  •  *  m'^ 

1-63*    What  two  events  occur  sinkiltaiieovaly  in  a 

*  ■         '  2-jKroke  cifcie  aoglne?  ■  ^ 

1,    Exhaust  and.  a«? avenging 
,   ^    2.  .  Scavenging  and  cosiipression 
^3.     Ignition  and  expaiifilon/, 
^  '  ^  »^  ■   4,'    &chaust  aiid,  qomp'ression'-  ,  .   '  '  ^ 


i-65v 

Ottp 

B. 

'  * 

I^tsftel 

1. 

expres- 

sion 

*  *     * '  ■ 

i 

2. 

Exhaust 

3" 

Intake " 

• 

4, 

Power 

B.    Gharacterist'ic . 

1«    Opetatea  <ni»  a 
2~i^roke  cycle  ; 

■  ■  ■ 

2. '    Achieves  :fuel 

.  ignit-ipn*  ChrougV 
.high  cowpreasiou  * 

3.  Op%ratea  mx  a  ^  ' 

,  :4-strcjki?  wyGle* ;/ /' 

4 .  Achieve«|^uel 

ign it i^jp 'through  * 
an  'elefct*Xigai 
%  •  spark.  ■  ■  '.V:.  V 

 1.  .  ,  ■  ..'4f^... 


' What  is  Che  ralationahidP  between  the 
teffiperatufre  developed  in  a  cofflbua'tlon 
^     ,       anace.and  the  compression  ratio  of  ct^e. 
^    ffl^ne?  ^  ' 

1.  ,  higher  coapresaion  ratios  crcat)^  » 

«    .  f  higher^tetBperaturea 

.    -2.  Hij^ey  teinperatuifes  create  ^  V 

■        ^  c'b^Jression-  raiids  f  /'    :\  .-  ■  '  ^ 

3*  Lower  tejxjperafcures  ^teate  higher 

cotapression  ratios     \  / 

^        4«  ;  Higher  c^otnpression  ratios  create 

^  ^  lower  teaperaturea^^  ^     * ' 


1h58/  '*1i^  a  aftep  i^nljtlon  of  t^^ 

f^el  and  before  t1}e  piston  rj?^achea^.T^ 
'    the^e  ife  little  cfiange  in  ■  ,  " 


'  -4: 


1 .  •  volume 

2,  preasute. 

3»  t^peratuce 
4.  energy 


1^ 


1^. 


7 


1-69^    Why  ia^tW  dMigped  ca«pr#««ion  ratio 
of  a  gjMfo;iiae  #ii^in«,  lowr  ,thap  that 
of  V  diaMi  an<isa«? 

1.    Cotupreaalon  nust  ba  low  for 

aff*ctiv«  apark  ignition 
2«    Cdi^r«saion  naiat  be  lov  for 
'*  &»p0th  operation 

3*  Coi^raaaiop  iiuat  ba  iow  to  pravant 

'\'}  pra-lgttitioti 

^.  Cmspreaaion  lauat  ba  low  to  tiave 

r    '  affa<;tiva  pre-ignitl<^a  ^  ' 


I'-i'O,  ■  An/iniii?«tQr  cardj  bir/pr^iura-^volimc 
'u^..  di^^ais^^  'ghpwa  graphical!;^'  t^^  . 

'  1,   •'(^oaipraaa^a  ratio  of  tha  angijia,.  . 

'  2<y^vplu»a  of 'tba  angina.-  '  /'>'  >'.r 

.  ,  .  3.  r'«iatioaahipa.*batwa«n(j.  praaaura  atid 
^<  volutMi'duriQg'ona  ac^ka  of  tba 

4 .    ralatidnahipa  batvaan  praaau|rr  and 

yoiuaw  during  ona  cycle  of  the 
•  _   angina     ./'I,  ' 


Match  tba  relationahlps  of  praaaura  and  voluwa 
in  a  th^raticaX  otto  cycla  angina  feoli^  S) 
with  tha  avttata  in  column  A.       /  / 


k.  Evant 
1*71 «  Cotabuati^on 
1-72.  Sxhauat 


Ralationahit^ 


1.  l^aaaura  io^raaaing^ 
•  vpluaa  dacraaalng 

'  ,  ^        .,  '  " 

2.  Fraaaui^a  d^raaaii^tg,' 
voltima  conatant  ^ 

3*  Praaaura  dadreaaihg, 
.  voluxsa  incraaaing: 

4.  F^faaura  incraaaing ^ 
volusMi  conatant 


';i^tch  the  re^^tionahipa  of  praaaura  arid  voiu»a 
la  a  thaoratical  diaaal  cycja  angina  icolumn  B) 
vit^  tha  avanta- in  coluam  A* 


A.  Evant 


l'^73k  Coapraaaion 
lft4w  C95»biiation 
1-75.  Eshauat 


B.  Rftljftlonahip 

1.  Praaii|ura  dacraaaing, 
yoluiia  incraaaing 

^. 

2.  Praaaura  conatant, 
dacir«aaing 


3.  Praaaura  dacraaaing, 

voluma  conatant, 

4,  Praaauta  incrajiaing» 
: ,  yolua^  incraagiog" 


Assignment  ^2 


Reciprootlna  Intcnxal-^Io^host ^on  ERs;iaeg  ^Continued) ;  Principai  Stationary  Parts  o€  an  Engine; 


■and  Principal  Moving  and  Related  Psrtu 
T^tbook  A«8ignacnt:  ^Ag^s  24  througli  60 


Learning  Objactiv*:    Correctly  usa^ 
'  technicAl  languAge  td  ^MCribe  the 
priociplM  of  pperatios  of  gA^olj.ne 
and  dlMttl  snginMa    Xutbbol^  pagu 

24  through  .  26  , :  / 

.  ^  '-ir^  -Ai  •  .  

2^1.    During  thexrovpn^sftiol^  strok«  in  a 

4-airok0  Otto  cycl«  eagine,  msum  that 
a  piston  m>v««  ^even^-eighths  of  the  total 
diftax^«  froai  3I)C  to  TDC*    What  ia  tha 

'  *  .     .  cQfli|>raaaibti  ratio?  ^ 

1.  6  to  i  . 

2,  .7  ..to  1       '     .        -     '  ^ 
^        3.    7.5  to  1 

4;-  8  to  i     \  , 


/  Laamlng  Objective:    Describa  at)d 

cow^mrt  the  cooat ruction  aiid  character- 
istiiza  of  opposed  piston  engiaca  and 
aingla**acting  engines.    Textbook  pagea 

22  through  32*    \  ' 

2-6.    An  engine 'having  a  d'oa^ustion  chamber 

located  betveen  a  cylinder  head  and  the  ^ 
crown  of  a  piston  is  of  which  of  the 
following  types? 


1.  Double  acting 

2p  Opposed 

3.  Single  acting 

4.  '*'  Eorisontal  opposed 


2-2.    fn  the  Otto  ^ycle«  the  fuel-air  mixture  is 
ignited  at  what  point  and  by  what  aeans? 

Ia    At  T|}C  by  heat  generated  by  coapres- 

2.  Just  before  TDC  by  heat  generated' by 
coQipreasiion 

3.  ^uat  b|fore  TDC  by  spark  ignition 
•    4.    At  TDC  , by 'spark  ignition 


2-3.    Which  characteristic  of  ^ha  Otto  cycle 
occurs,  in  the  actual  <(iesel  cycle  but 
liOT  ia  the  theoretical  dleael  cycle? 

i*.    No  pressure  increaaiif  ^^r'^S 
*t  combustion 

2..  'Rapid  presayre  increase  dtr^ng 

<c«bustion 
3*    Kspid  volume  increase  during 

V  combustion 
4.  ^!lo  volume  increase  during  combustion 


2-4.    The  comi^lete  coa^stion  event  ia  e  diesel 
engine  occurs  slightly  before  tt^  piston 
reaches  top  dead  center. 

2^5.    In  a  2-stroke  cycle  engine  the  exhauat  ^ 
.     event  requires  a  full  stroke  of  the  piston. 


2-7*    An  engine  having  a  combustion  chamber 
located  between  the  crowns  of  twp 
pistons  is  of  which  of  the  following 
types? 

1.  Double  acting 

2.  Opposed  piston 

3.  Single  acting 

4.  lk>ri£ontal  opposed  * 

2-8.    Which  of  the  following  is  NOT  foutrf  in 
single-acting  englrnes? 


1.  ^haust  valves 

2.  Scavenging  ports 

3.  CcMbustion  chambers 

4.  Double  craxUcahafta 


Match  the  parts  of  ab  opposed/ piston  engine 
In  column  A  with  the  locations  in  the  f^njf^i^^ 
in  column  V  !  ^ 


A.    Fart  , 

2-9.    lEilet  (scavening) 
port 

2-10.  Exhaust  ports 
2-11.  Injector  norzle 
2-12-  Vertical  drive 
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B.    Locatiyn     * • 

r.    Bottom  of 

cylinder* 

2.  Between,  the  . 
crt^^hafts 

3.  Top  of  cylinder 

4.  Kiddle  of 
cylinder 


57^ 


2-13.    la  an  opposed  piatoo'  engine;  th^  term-  • 

, *         , '         '  '  ■ '  ' 
!•    one  crankshaft  turni;  fd0l:€^  than  ' 
;  *      •  ,  •         the  other    •  '  / 

2.  "  tfaA:  tyq  craakahaf^a  turn  in  different 

■'dirccfcioiieo.  •  ^'^ 

3.  one  piaton  in *««H5yl'itid«r  riches 
inner  dead.qenter  before  the  o.ther 

4.  ona  pliiton  in  a^cyiinde^  mchea 
,  ^         inner  dead  center  when  the  other 

reachea  outer  dead  center 

2-14^    Crank  lead  is  ua^  to  cause  which  of 
the  following? 

1.  Longer  coabuation  events 

2.  Exhaust  events  atartiivg  before 
scavenging  events 

3*    Exhaust  events  lasting  longer  sMn 
scavenging  events 
/  4.    Higher  coffiimstion  teaperatures 


,  fMUf  T 


w>aTi 


1,179 


Figure  2A^ Events  in  operating,  cycle  of  an 
'         opposed-piston  engine. 

^         answering  2-15  through  2-17,  refer  to 
figure  2A. 


2-l§^    Assuae^that  the  lower  pistion  is  at 
.     point  Bl,  a  few  degrees  before  IDC  and 
ooviug  towax^  IDC.    The  event  liow 
occurring  in  the  cylfiadar  is 

^  ,  |.    expansion  * 

'    2;  ♦  injection 

3.  scavenging 

4.  supercharg^ing 

2-17,    Which  of  the  following  events  starts 
.  in  the  cyliitder  as^the  bottcaa  piston 
approaches  point  CI? 


1. 
I. 

3; 
4. 


Injection 
Scavenging 
Coapreasion 
Expansion 


2-18,  Slie  difference  in  crank  lead  between 
^  the  upper  and  lower  cranks  of  the 
engine  causes  the  lower  shaft  to 

1.  r^eive  less  power  than  the  upper 
shaft 

2.  receive  more  power  than  the  upper 
shaft 

3.  operate  most  of  the  engine's  . 
accessories 

4.  rotate  faster  than  the  upper  shaft 


Hatck  tfie  ^advantages- in  ^oluaia  A  with  th^ 
two  principal  typeis  of  engines  in  coluian  B. 

^       ^*  Adyantajj^ea 


2-19.    Lighter  weight  - 

2-20.    No  valve  problems 

2-21.  .  Do  not  require 
blowers 


B.    type  of  Engine 
^  i  ■ 

1.  Opposed-piston 
engines 

2.  Single-acting 
engines 


Learning  Objective:    Point  out  the 
function  of  the  stationary  parts  of 
the  engine  frai&e.    Textbook  pages 
33  througl;  38. 


2-15, 


Whsn  the  pfstiona  itj  the  figure  are^t 
pointy  Al  and  A2  and  ao^ing  toward  IDC, 
what  event  is  taking  place  in  the 
cylinder?  • 

1«    Compression  -  v. 

2.  Expauaion 

3.  '  Injection  ^ 

4.  Scavengings^  \ 


2-22.  .  What  is- the  functioniiof  an  engine's 
stationary  parts?  ; 


^3 


1.  To  add  power  to- the  engine 

2.  To  keep  the  engine  firaly" attached 
to  its  supporting  base 

3.  To  keep  saving  engine  parts  in  their 
proper . relative  positions 

4;    To  rotate  the  cranWhaft" 
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2-23. 


2-24. 


2-25. 


2-26. 


2-27. 


2-28. 


ERIC 


Ch«  i^>«d^4rtyi8^  jMitt  of        engine  n. 


3.  cyXi^r  Woifk 

4.  fr»ft«> 


la  f  igurc o£  tt^  t«xttK>ok»  what  fre 
th«  parts       eh«  cyl^inder  blocK  "Ladled  /« 
6,  9€  V-'V^^  /  . 

/         /'  V^''*"  '  '  '  ' 

I.    Air  boxM^  J^iv  itil!*^  ports/  and  | 

CMshaft  boxss  ^  ^  ,    ^  ^  . 

2«    Mr  is&lst  porfa  ,*  vmti>r  ^a(!WtsV  a^  ' 

hspdholas       .  '  ''   ^  ^  . 

3.  Water  jAck«ts,  air  iolat  i^ortSt  axKi  n 
cyliiider  f!Ui*r  boxes  thc^Slocfe 

4*    Lubricating  oil^^ssa^ss,  caasjbaft 
boras..  aiKi  coolant  pa'ssagm     "  ^ 

V-typs  cylinder  blocks ^re  usually  ^ 
constructed  of  forgin^Mbnd  steel  plates  ^ 
mlded  together  axxi  sIwm  vith  the 
ncmnting  pads  for  the  *aB|  bearing  seats  . 
as  intfsj^ral  parts  at  the  ^ttoiSL  of  tb# 
block- 

In  soM  large  anginas  dH-^nore  laodcrn 
design »  ^^t  is  the  support  for  tbi^j&ain 
bearings?*^ 

1.  Bedplate 

2.  Block  ' 
3«  Base 

4.  Sustp  ^*^'-< — . 

In  an  engine »  vhat  is  the  purpose  of 
Tsnd  plates?  '        I    ^       '  ^ 

1.  To  provide  acceesibilit^to  the 
cylii^ier  liners  ^         M  '^^  -^  .^^ 

2.  To  add  stability  to  the* engine  block '  ' 
3«    To  add  rigid it-y  to  >the  ^lock  and  a 

surface  for  att^chiW  otiier^^s^ts 
4.    To  «ske  a  surface  rot  the  base 

A  safety  cover  differs  frctt.  other  access, 
doors  in  that  it  is  fitted  with  a 

1^  spring-^ loaded  pxessure  p^ate 

2.  handwheel 

3.  nut'-operated  claap 
4 «  large  gasket 


2-29,    the^  beatings  that  aJupjK)rt  fjiie  craiikshaf t  ' 
are  generalTy  called    ^  '  ^       '.^  /. 

*     ^i,  shaft  bearings^  / 

2.  /  connoting  tod  bearing^^ 
,  \  ^    -.3  r .  *  jiaaitf  i?jMntt«l«. '  .    ^    .  , 

4  •    support  <4sear Ings*  #  ^  #  •       .    *  • 


w  \  '  ' — :   .  — ' — . . . 

^     *licaniiag  Objective  J  *lderit^Sf  y '^jiind^r  • 

ilss«i^lies  wlt^  their  fynptions.  fsiultf^^^  ^ 
and  repair  procedures'.    Texthook  pages. 

/  58  thl^c^igh  50.        ,         ji  ..  ^     .  •  ^  /;  '  '  '  * 


2-30:    Tl5fe*lSasic  co&po*nehts  of  #11  cyljMer 

assemblies  aloni^  withvifiaj^e4- Bovin^*,  < 
|5arts,  »f>rpvl^  a  g^^-^igil^  a«d  liquidf- 
tight  space,    Tt*  aecoaplish*  ttJia,^  a- 
gasket  «^  is  necessary  betveen  t*he  head  *^ 
^and  block  on  all  cylii^er  assfsblias. 
/ .  .■  .    '  ^'  .  '    -  •  ,v  ^, 
2-31/   Grinder  linars  tha^  are  an  integral 
*     par§  ^f  the  ^loek  -hf^Ve  which  of  ."the  • 
I      folloving  disadvantages?  :^  / 


*4 '  if 


2-32. 


2-33. 


1^.'  They  conduct  hsat  poj;>rly  . 
2*    They  are  expensive  ^ 

3.  They  c^^ot .  ^e  *  replaced 

4.  Tiley  V^^ulre  special  tools  fpr 

•  -V  '     :'   ■  ■ 

In  an  intemal^onbustion  engine,  which 
of  the  followiag  m^erials  £s  »ost 
coaunly  used  'for  liner  construction?" 


1.  Close-gs^ined  steal  -j  > 

2.  Close-^grained  cast  iron  * 

3.  ^^  Close^g^ined  Honel 

4.  Wear-resistant  steel 

Which  of  the' following  is  the  best 
description  of  a  dry^-^type  liner? 

1.'  Thick  wall  J  press  fit*  iptegral 
cooling  passages, 


2.    Tljick  wall, 

jacketed 
3*.  ThinWll, 
out  cp^Iins 


loose  fit,  iuit«^ 


V 


pressed  pr  loose  fit  with-* 


passages 


4.    Thin  wall,  I  integral  with  block 

2-34.    Whan  press-fit  liners replaced  with 
;    loose-fit  liners,  what^  ^instrTie  done- to 
%he  cylinder  borfe?  L 


la   It  lausfbte  honed  to'^a  larger\i#aieter 

2.  It  aust  V  replacecl* 

3.  It  oust^be  mai^hined  to  a  larger 
diaiK^ter  , 

4.  If:  M^lit  be  . heated  to,  150*P  / 


^74 


2-35,  .  In  a  w«t-typ[#  lin«r  t:h«t  j^loM  not  have.  2-41, 
jackat'  Is  iovAki  by 


f  s 


1.  an  integral  (tolling  pas^ags  in  the 
block  '         '  *^ 

2.  a  linar  and  a  a«p«rat>v  jacket  ^  which 
la  part  of  the  blc^k 

3.  individual  tub«»  which,  are  iaaer.t^ed 
in  tha  block 

4.  a  linar  and  an  integral  cooling 
paaaage  which  i«  part  of-  this  block 

2-36.    Canarally^  tha  aaai  at  the  combust  ion  * 
and  df  a  wat'-type  liner  consists  pf  a  A 

1.  gasket  under  a  flange  or  jsachined 
fit 

2.  rubber  or  neoprane  rings 

3.  I^rinth  aeal 

4.  nomurdening  sealing  compound 

2-37.    In  a' watar-:Jacketed  liner,  water  enters 
the  lower  section  of  the  jacket  aW 
leaves  through  the  top*  • 

2f-38.    If  a  lip  for»s  at  the  combua|:ion  end  of 
a  water- jacketed  liner/  which  of  the 
following  parts  ii  li^tely  to  break?. 

,/ 

1,    Connectinif  rod  / 
2*    Crankahaft  / 
3,    Piston  ring  ^ 

Cylinder  head  \ 


2-39. 


In  a  cast-type  Jacket  liner,  how  is  the 
wa^et  jacket  formed? 


1. 


tha 


tha  inner  and  outer  walls'  of  ..the 


2.    B^fii^^*rtical 'passages  ^ 
3-    Both  1  and  2  above 
4.  ^Upper  as»d  lower  0-«fings 


2-40- 


You  are  rMKjving  a  cylinder  liner  from 
an  engine.  faatening  the  sp^ial 

-liner  puHei-lto  the  liner  studi,  why 
aust  ^ou  ciihteii  the  cap  nuts  by  han^ 
instaai  of  by  wench? 

1,    TJje  nuM  camot  be  reached  with  a 
wrench  '  * 


4, 


The  cylinder  liner  could  be  scratch^ 
With  a„.wrench    .  i 
thread(|^  on  both  nuts  &ad  studs  could 
be  damaged  by  a  wrench 
Thefe  Is  some  danger  that  a  wrench 
wil^4;^e  left  in  the  cylinder  liner 


2-42, 


Which  of  the  following  conditions  could,  # 
indicate^  crack. in  the  cylinder  fitter 
of  an  engine? 

Water  staadiiag  atop  the  cylinder! s 
piatpn  after  the  engine  is  secured  ; 
Abnoirawilly  high  coola»t  teoiperat;ure 
when  the  engine  Is  operating 
Large  shunts  of  water  in  the  lube 
.  .  oil  ■  ■',      '  ■  ■ 

4.    Any  of  the  above- 

Wfhich  of  tiiS^llowing  wlix  I«OT  result  - 
when  a  cylin4#r  liner  is  Improperly  , 
cooled?  ^  \^  ^ 


2v 


3, 


1. 
2. 
3. 
4. 


Liner  failure 
Ther^l  atress 
Uneven  heat;ing 
fluctuation  jLn  rpm 


2-43. 


2-M, 


2-45. 


2-46- 


Wbich  of  the.  following  is/are  a 
8ywptcffii<a)-of  a  fiCQrfiri  cyli?;ider.? 

1.  Low  ccmpreasi^n  preasure    '  *  r  ^ 

2.  Rapid  wearing  out  of  fiiston  rings  ^ 
3/    Both  I  and  2  aboVa 

4p    Cracked  or  broken  pisfon  rings 

^  **'''*''''^ 

'  Broken  piston  rings  will  cause  which 
of  the  following  probl«as?      '  \' 

1^  Scored  cylinder  Unets 

2T  Connecting  rod  baring,  failure 

3.  High  lube  oil Atespefature 
4*  High -f reshwjiter  t«aperature 

Which  of  th^foliowing  conditions  will 
prpdufe  out-s>f-round  cylinder  Itinera? 

1,  -Qperatlng  the  ^engine  at  a  too  Ipw  rpsi 

2.  Def ectlCva  main  bearing 

3*    Pistdn  ai^e  thrus^         /  r 

4.  raproperly  seated  head  ^  ^< 

Corrosive  vapors  are  most  likely  to 
condense  on  the  cylinder  lindr  walla 
^  an  engine  while  the  engina  is 


2. 
.4. 


i4 


opariU:ing  at  tesa|i%ratures  edccieding 
normal 

operating  with  the  lube ^il  pressure 
below  nonaal 

WarmingL^P  after  it  is  fir^t  started 
operating  in  stich  a  way  that  normal 
lube"  oil  pressure  is  exceeded 


C" 
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2-47.    liv^  2-«t'ro>;«  eye  it  «ngia«  with  alusicuiia 
.    pistooe,  wh^t  Is  the  aupc'is^  linear'  limit 
for  tht  UW?  \         *  . 

^      ■    '  '  [■      '  ■ ' 

1.  O.OaiS  in*  p«r  inch  dii^ter 

2.  a^6025  in,  per  itiph  diametfer 

3.  O,0p3    ia.  pur  inch  diameter    "  ^-  . 

4.  0,005    in.  per  inch  diamete^r 

,1  ■ 

2-48.   Th«  spafk  plug^g  of  n  gl^c^oXine  engine  are 
always  found  in  t)ie  c^rlind&r-head^    In  a 
diag«l  engine t  what -engine  part^ almost 
invariably  1»  located  In  the'cyi4.nder  - 
head  or  head»?    .  *  - 


.«^^5T.    What  should  yo  do  If  you  find  a  warpad 
•  or  distorted  cylinder^ead? 

■*    •  ' 

Hachina  the  h^ad  to  correct*  * 

tolerance        -  * 
2«    Replace  the  head  ai  soon  as 

possil>le  * 
3.,   Ovex:tar{^ue  tjjje  head -until  leakage, 

stops  .  * 

4.,  Reduce  the  load  on  the  engine 

2-53*  /fWhich  of  the  followlOg  symptjomii 


indicates  fouling  in  the  combustion 
spaces?  * 


1.  Intake  valve 

^     2^  Air* starting  valve 

'  3,  Fuel 'injection  val^^'e^  "  ' 

4'.  Rocker  arm  asaemjjly  ^-  .  . 

.2''49«    The  ferrules  or  jumper  lineil^  in  a^.dlesel 
^  \    enJiine  serve  as  ,  • 

.  *    !•    electrical  tiiaing  devices  fbj'  the 
par^s  in  the  head  . 

2.  loosi  .  joic^rsr  between  the  head  and 

'  ;  y  ■    .    ^^ha  blqck    ,  ^  '  t 

3-    connections  between  the  coolant 
passages  in  tlie  block  and  the  hel^ 
['         •  4«  'tlinneQtiona.  to^  carry  fuel  oil  ftoia 

the  block  to  the,  injectors  in  the 
*  -  head  ' 

2-50.  ^  Yofu  are  ^nspactiag  a  cylinder  'head  for 

cracks.    Vhich  of  ,the  foilowing  proce4ur^ 
'•^should  you, u«e?  *. 


2r-5i. 


1«    ^ter  bringifig  the  piston  of  each 
cylindet  to  top.  xJ^^ad  c<*oter,  apply 
/  cpapressed  air  •  ^ 

2-  ptaaine' by  sight  or  with  magnetics, 
powder       *'  .  ■  •  , 

3-  PerfotTa  the  hydrostatic  test  which  is 
used  on  watar-iacketed'  cylinder  , 

I  liners  «^  ^ 

4«    Any -of  tiie  abdve  li^'thods  s 


Th4  gssket!s  which  are  used  between  the 
mating  surfaces  of  tHe  head  and  the  block 
of  an  engine  mka  this  joint    ^  , 


2. 
3. 
4. 


aci(i  cesistanC 
^leakproof  ' 
rigid  , ,  . 

correctly  shaped 


1' 


1.  '  Excesadve  oil  pumping' 

'  ^ ,  *Smo^y  exhaust .    .  - " . , 

3,  Losf  of  ^ow6r 

4.  AJ^  of>the  above 


*  }.eami|ig  Objective:    Idi^ntlfy  pre-' 
cautions  and  gaskets  u%ed  iti' 
installing  a"  cylinder  head.  Tfext> 
book  pages ^51  through  53-  \ 


-7^ 


2^54  V    What  precaut:^n' sBoiild  yQu«take  befor*^^ 
\-    instailijig  nuts  on, cylinder  Kead' studs?  ^ 

\     i.    Apply  «t^i?cing  soapsuds  Vith  a  water 
'  lanc^  ■  .      .  •  :  \  /;  -.v 

"  * ;    ^4  \  Glean  threads  Wi t:i?»j a'  tiyire  ^risali^nd  *  * 
;        '  a^pl^  •  an 'app":g.pve^4^^  '  .  ♦ 

"  ,     .  3/ ^  5iia^rse  stW;  n^^^ 
,  aibd  ^low  o^f  trila^^ 
4  ♦    Scrape  stud  nuts  with  a  f  ile  a,nd  ^ 
;     ^    polish  with  a  f'ine^iclo'th    \   -  / 


4'"  ^ 


S      2-55.    Cc^pressibility  la  a  consabn  projetiy -of^**:; 
all  gaskets.  -Which  of  the  following 
^       materials  is  used  to  make  gaskets? 

«  .    1«    Laminated  steel  sheets 

2.    Synthetic  rubber  \»  "       '  '  • 

*      3-  /'Copper  ^ 

4.    Any  of  the  above         "  ; 


.    '  -     Learning  Ob'jeotive,:    Identify  tlje 

^unijtional  parts  of  ^he  engine  * 
mount ingl  'Textbook  pages'*  53  and  54. 

.  .  "  . — - 

2756.    xfie I  supporting  and  connecting  pfedestal 
Ci  between  an  engine  sntSl  the  shipVsf^ 
^       structure  is  refecT|d'  to  as  tAe  * 

1 .    engine"^  base    ^  '  , 

2-  '  subba^'p'  ^ 

3.  ^  chock    *  V  , 

4.  'Stud  '  ' 
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2-57, 


Normally, Jlhich  of  the^ollowing^ 
machani'siBs  ,are  NOT  m6unted'  to  thfi  * 
shii)'**  structure  by  ^g^hQck  absarbefs 
•arid  vibration  isolators^ 

1*     Engines  ttiat  will  receive' shock  loads 

from  powerful  explosions 
*2,    PropylsioB  exigines 

3.  Operating  engine*  that  develop  high- 
frequency  staall-aa^'litudev vibrations 

4.  Small  generators  mounted  near  the 
hull 


Learning  Objective;  I^ientify  comaon 
causes  of  defective  valve  operation* 
Textbook  pages  55  and  56. 


2-61. 


I^earriing  Objective:  Distinguisi^ 
.between  the  function  and  character- 
istics of*  intake'^and  exhaust  valves. 
Textbook  page '55.      '  . 


*0     In  an  internal'-combustion  engine  having 
botk  intake  and  eXhauat  valves  ^  the\* 
Intake  valves  are  opened  to  admit -4ir  to  the 
cylioder  during  the^intake  stroke,  and  exhaust 
valves  are  .opened  to  di^char^e  waste  gas^s 
during  the  exliaust  stroke.  ^ 


2-^9. 


Intake  and  .'exhaust  valves  used «  in 
intemal-eombustion  engines  are  otj 
what  type?  •  1 

1.  "   Gas  operated  ^iheck  \ 

2,  Spring  activated  ^  ^ 
3p    Cotie-shaped  scat 

4.  ^o|?pet 

Wl\at  design  feature (s)  is'/are  found  in 
an  exhaust  valve  and  NO^  in  an'intake 
valve?  • 

!•     Hollow^  Sodium-filled  stems  * 

2. ^    Beveled  edges  on  the  valve  head  • 

3.  Alloy  sCeel.  construction 

4.  Ail  of  the  above     ^    .  ' 


2^62. 


2-63. 


Which  valve  casualty  is/are  prohably 
caused  by  failure  to  close  f 

1,  Burned  valve 

2.  Valve  float 

3.  Sticking  valve  -  / 

4,  All  of  the  above  i 

Which  valve  casualty  is  probably 
caused  by  metal  fatigue? 

1.  Burned  valves'         ^      •  . 

2. "   Valve  float 

3.  Sticking  valves 

4.  All  oi  the  above 

Failure  to  properly  prepare  the  counter-^ 
bore  area  before  placing  a  valve  seat 
insert  in  it  will  cause  wha't  problem? 

« 

1.  Uneven  heat , transfer  between  the 
*seat  ^nd  the  counterbore 

2,  Scratching  of  the  insert 

'3.    Misalignssent  of  the  valve'  head 
,       in  the  seat 

4,     Loose  fit  of  the  insert  in  the 
counterbore 


Learning  Objective:     Identify  the 
principal  valve  maintenance  procedures. 
Textbool^  pages  56  through  59. 


2^64.     When  replacing  a  valve  seat  insert, 
which  of  these  prbcedures  should  you 
NOT  follow?  ' 


2-60.     Why  are  low-alloy  steels  generally "used 
intake  valves?  '  '  ^ 


3. 
4. 


Because  intake  valves  are  exposed  to 
the  corrosive  action  of  hot  ex^iajjst 
gases 

Because  Intake  valve^s  are  not  p^^^osed 
tx3  the  corrosive  action^of-  hot  exhaust 
'gases 

Because  low-alloy  steels  resist 
corrosion        •  '       •  , 

Becausa  intake  ,^aives  ar£  la^Vger 
and  need  a^hard  alloy  surfac^ 


1.     Plan  the  operation  so  the  ifisert  ^ 
is  placed  rapidly  ^ 

2/ Use  boiling  watfer  to  heat  the  head 

J..    Drive  the  insert  down  with  a  heavy, 
haixmer  *    .  ^ 

4.     Shrink  the  insert  with  dry  ice 

\ 

2-65.^   Minor  pi'ts  and  flaws  taay  be  removed  from 
a  valve  seat  by  * 

1 .  bu£5  ing 

2.  hand  grinding 

3.  insert  rt^plac emciit 

4.  rubbing  with  prussian  bUie  ^ 
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2-66.    To  avoid  the  condition  shown  in  figure 

4-5  of  the  [text-,  hand  grin^^vg  valves 
should  bi^^one  only 

.1* 

\\\  MS  va  finSfihiug  operation 

2.  ^when  the  valve  seat  is  pitted 

3.  when  the  cylinder  head  is  off 

k.    before  final  dressing  on  a  lathe 

2-^67.    How  are  Valves  refaced?  -       .  ,  ' 

1«  On  a  lathe 

2*  Against  the  valve  seat 

3:  Machine  grinding 

4.  By  £^ny  of  the  abo^  means 


WVat  factors  shorten-the  life  of  valve 
springsf  ^ 

»        1.  Compression  and  corrosion 

2,  Misalignment  and  compression 

.3.  Corrosion  and  fatigue 

4.  Fatigue  nnd  compression  ^ 

2^69,    Which  of  the  following  does  NOT  warrant 
A/alve  spring  replacement > 


1. 

2. 
3. 
4. 


3ss  of  3%  of  length 
Damage  to  protective  coating 
Hairline  cracks 
Rust  pits 


2-70. 


Wh^t.will^^en  if  shims  are  NOT  properly 
p^ced  between  a  valve  stem  an4  valve 
stem  cap?   .*  .  , 


,  Learr^ixig  Objective:    Identify,  the 
•functions  of' the  ccjiaponents  of.  the 
Valve  actaating  t«<5han£sms.  " 'f^^f*  . 
book  page  6t),i  - 


2-71/ 


1  


Rocker  anas  transfer  motion  between  what 
^two  components? 

1,  Crankshaft  and  camshaft 

2,  Casftshaft  and  v.alves 

3.  Valves  and  pistons 

4.  Exh^st  and  intake  valves 

What  design  o^  valve  actuating  gears 
doesi  NOT  use  pu»h  rods? 

1,  Cam  shaft  located  in  or  near  the  / 
cylitider  head  ^  ^  ^/ 

2,  Cam  shaft  located  low  on  the* 
cylinder  block 

3,  Valve  bridges  used  to  open  exhaust" 
valves  simultaneously 

4,  Two  camshafts  located  in  the  block 

2":73.    Valve  btidges  are  used  to 

.1.  operate  two  valves  in  sequence 

2.  operate  two  va-lves  simultaneously 

3-  replace  rocker  Arms 

4,  replace  p^sh  rods  , 


i; 

2.' 

4, 


Damaged  valve  s-tem  caps 
Broken  valve  stems  * 
Dropped  yalVt^s*  f 


All  of  the-^bcve 
f 
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6 :  ■ 

Assignment  3 


Principal  Moving  and  Related  Parts  (Continued) 
TeTtbock  Assigniaent;    Pagers  61  t^roughy  91 


Learning  Objective;    Point  out 
niaintenance  procedures  for  valve 
actuating  gear.    Textbook  page  51, 


What  is  the  most  ifljpprtarit  factor  in 
i      keeping  a  prdperly  adjusted  valve  * 
i      actuating  gear  in  good  condition?  " 

1.  Minisaim  clearances 

2«  Conti'ol  of  corrosipn  * 

3.  Proper  materials 

4,  Adequate  lub^icatton  - 

3-2.  "  The  ^iBo«t  comn^n  laaintenance  required  fjbr 
rocker  arms*  is 

1,  /reaming  the  bushings  in  the  rocker 

apafe  *     •  •  '  ^ 

^inspecting  the  roqker  atm  exxis  for 
wear 

3.  checking  tappet  clearances^ and 
locknut  tightness 

^  4.     replacing  tappet  adjus^rxg  screws 

and  locknuts  ^ 

.   f  ^ 

3^3.  ^  If  the  threads  on  a  rocker  arm- adjusting 
screw  become  worn,  what  must  you  d©? 

•  1.     Replace  the  rocker  ana,  *^^ci^^w,  and 
nut 

2.  Replace  the  screw  only 

3»     Replace  the  screw  and  locknut  only 

4.  Dreps  the  threads  on  the  screw 

3--4.     To  adjust  the  tappet  t6  the  intake  valve 
or  a  4--stroke  cycle  engine,  the  piston 
must  be  in  what  position? 

1.  On  the  intake  stroke 

2.  ,0n  the  compression  stroke 

3.  Between  the  compression  and  power 
strokes 

3.     Between  the  intake,  and  compression 
strokes  '  ♦  ^ 


■3-5  • 


After  setting  a  tappet  clearance  si^ 
locking  the  adjusting'  itcrcw  with  the 
nut.^what  is  your  next  step? 


1, 
2. 

3, 


Recheck  the  clearance  ^ 

Adjust  the  nejct  tappet 

Warm  the  engine  up  and  reset  the 

clearanice 

Check  the  aiaimfactureV'».B«inual 
to  see -if  the  clearance  is  correct 


Learning  Objective:    Point  out  the 

functions  of  cam  followers  and  laah 

adjusters.  Textbook  pages  61  through ^ 
63. 


3-7. 


3-8. 


3-6,     What  is  the  function  of  cam  followers?* 


1* 


To  absorb  friction  from  the  cam 
shaft 

2.  To  reduce  tappet  clearances 

3.  To  replace  the  tappet  set^crewi  - 

4.  To  transmit  cam  motion  to  the 
valve  actuating  mechanism- 

V  ' 

Sydraulfc  valve  lifters  perform  the  same 
function  as      - .  '  i 


1.  tappet  setscrews 

2.  rocker  arms  * 
3*     cask  lobes  .  *  ' 

4.     push  rods 

When  a  l^sh  adjuster  is  adequately 
supplied  with  oil,  what  will  most  likely 
cause  It  to  operate  noisily? 

1.  Excessive  clearance  / 

2.  Broken  parts  *  "  / 

3.  Dirt,  resin,  or  abrasive  particle^ 

4.  Missing 'check  ball  or  spring  \ 


Learning  Objective:.    Point 'out  the 
functions,  fault-s,  and  corrective 
actions  taken  witVi' faults  of  piston 
axi&  rod  assemblies.     Textbook  pages 
63  through  77,  4 
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3-9 •    Which       the  ^llbwing  sourcues  of  stress 
4  does  NOT  apply  to  pistons? 

U  Heat,  J-  . 

2.  Inertia  -  ' 

3.  Pressure 

4.  G&lvanic 

3-10 •    What  are  the  two  most  cotOBion  materials 
f  or  ^istops? 

1.  Cast  iron  and  magnesiut^ 

2 .  Magneaiuik  aod^  aluminum 

3.  .Steel  ana  aluadnuxa-  i 

4.  Aliiminusa  andNCast  iron* 

3-11.    Why  is  the  crovn  of  a  piston  usually 
ller  than  the  skirt? 


Bxa^le 

1. 
2. 
3. 
4. 


has  more  ria§s  on  It 
It  runs  hotter  ^ 
It  absorbs  no  side  thrums t 
It  gets  worn  down  faster. 


Match  thie  purpose  in  column  B  with  the  4esign 
feature  in  colutan  A.  ' 


A.    Design  Feature 


It^regularly  shaped  . 
piston  . 


3-12 

3-13.     Concave  piston  crown 


3--14^     Recesses  ip  rim  of 
the  crowrf 


B  ■  Purpose 

To  provide 
clearfi^pce  for 
intak^'  valve 

2,    To  increase 
turbulence  of 
the  compressed 
air  charge  >^ 

_^  3',    To  direct  the 
flow  scav- 
enging air  aiiS 
'  gases  in  a 
2-stroke  cycle 
engine 


To  transmit 
heat  to  the 
cylinder  wal 


3''l5,     The  partCs)  of  a  piston  that  absorb  (s 
side  thrust  is/^re  the 


1.  crovn  ^ 

2.  bosses 

3.  :  lands 

4.  skirt 


3-16. 


3-17.- 


w 

* 

•» 

• 

/ 

Tae 

piston 

rings  are  |iei.tt  m  une 

1^  . 

crown 

* 

2. 

bosses 

3, 

lands 

4. 

skirt 

Tne 

piston 

pxns  are  supp<Jii,cM  x,%\  j-hk 

1.; 

crown 

bos^s 

3. 

laitas 

4. 

skirt 

3-18. 


3-19. 


3-20. 


How  ouch  of  the  combustion  heat  absorbed 
by  the  piston  is  removed  through  the 
rings  to  the  cylinder  wall?  .  \ 

'I  »  ^      '  .■■ 

1.  20%  '       '  ' 

2.  30%, 

3.  40%  • 
4;    50%  ^ 

s 

Oth^r  than  heat  transmit to  the  ^ 
cylinder  walls,  what  are* the  two 
factors  that  cool  a  piston? 

1,  Intake  ai^  and  lube  oil 

2,  IxJtake  air  and  exhaust  4 
?^iston  apeed  aigid  crankcase  6ir 
:.ube  oil  aiKi  cooling  fins 

Older  designs  of  crosshead  pistons  w^re 
^veloped  to' handle  the  strong  side  ^ 
y^thrusts  of  very  long  strokes.  Modenr 
crosshead  pistons  are  designed  to  handle 
side  thrusts  a^d  Stresses  due  to 

1,    long  strokes 
2 /    high  speeds 

3,  high  compression 

4,  turb'ocharglng 

Wliich  of  the  followiug  is  NOT  a  function 
of,  piston  ripgsj? 

1.  ^aling''^a^ainst  combustion  gases 

2.  Spreading , oil  on  the  cylinder  wall 

3.  Keeping  all  oil  out  of  corabustTon'^ 
areas  . 

4.  ^  ^Transf errfcg  hekt  to  the  cylinder 

wai;' 

/      '  •  , 


ERLC 
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3-22,    Wiich  of  the  following  characteristics^ 
does  NOT  Apply  to  compression  rings? 

i,    TJjey  coribonly  have,  a  rectangular 

cr6ss  section."  ^   .  ^ 
Their  diameter^,  as  mamifactured, 
is  a  little  acre  than  the  cylinder 
boVe'  .  A       .  ' 

Combustion  gases  act  only  on  their 
top  surfaces 

They  are  usually  made  of  cast  iron 

3~23,    A  prop'eriy  working  compression  ring  w; 
/be  blackened  on 


3-28  ^ 


2. 

3. 
4. 


3-29, 


I.  one  side 

'2,  two  sides 

3.  ^hree  sides 

*  four  sides 


3-30. 


3-24.    k  piston  ring  which  is  composed  of  three 
separate  pieces  is  a/an  ■  * 

1.  firing  ring        '  % 

2.  compression  ring 

3.  scraping  ring 

*  4*     articulated  ring 

3-25.     What  is  the  purpose  of  the  bevelled  top 

^    edge  of  a  scraper  ring?      '  *       ,  ^ 

,1.     To  allow  the  ring  to  ride  over  the 
oil  film 

,     2.     To  push  the  oil  film  upward 

■3.     To  ensure  the  ring  is  inst^^ljed     '  ^ 
right  side  up  \ 

4.  To  do  all  of  the  above  / 


3-26, 


Why  is  it  necessary  to  scrape  around 
the  top  of, a  cylinder  bofe  before 
pulling  the  piston? 

^        •  *^ 
1.  ^To  remove  a  metal  ridge  and  carbon 
deposits 

2-     To  incfecise  clearant:e  fp^'  the  piston 

3,  To  remove  r^rbon  and  gum  / 

4.  -To  /'ree  the-  piston  rings 


3^27.     To  scrape  the  top  of  a  cylinder  bore  ' 
before  pulling  the  piston,  you  should 
use  ^ 

1,  a  power  grinder 

2.  a  file  ' 
3J  a  metal  acraper 
4.  emery  paper 


3-31. 


3-32. 


3-33 . 


When  usip^  a  brass  drift  to  resK^ve  a 
f  ro2;en  ^i^^ton  riug,  you  saust ; 

1 .  ^old  bricking  the  ring 

2.  c^is^l  through  the  ring 

3.  ,cl^an  betwe^  the  ring  and  land 
^     *  with  a  hacksaw 

4.  avoid  damaging  the  land 

With  what y  and  where  &re  piston  ring 
gap^  measured  ?  \ 

1.  With  a  micrometer,  on  the  piston 

2.  With  s  feeler  gage,  in  the  cylinder 
liner  *, 

3.  With  a  feeler  gage,' in  a  vise 

4.  With  a  Micrometer,  in  the  cylinder 

In  addition  to  ring  gap»  what  other 
factor  mist  be  measured  to  ensure 
correct  rihg  fit? 

1 •  Ring  ^end  gap 

2.  Ring-to-land  gap 

3.  Ring^width 

4.  Ring  circumference 

What  two  major  forces 'act  on  the  piston 

pin? 

1^    Side  thrust  and  combustion  pressure  < 
2.    Side  thrust  and  rotating  motion 
3-    Combust io^pressure  and  crankshaft 

torque  ' 
4.    Exhaust  pressure  and  rotational 

force 

What  are  the  three  classes  of  piston 
pina?  , 

1.  Rigid,  stationary,'  and  fixed 

2,  Free,  semif loating\  and  full-floating 

3.  Semif loating,  full-floating,  and 
fixed 

4,  Full-floating,   floating,  and  fixed 

What  is  the  classification  of  a  piston 
pin  that  is  clamped  to  the?  rod  end? 

i;  Fixed  \ 

2,  Semif loat ing 

3,  Either  1  or  2  abo 

4 ,  Full-float  ing 


3-34, 


Which  of  the  following  designs  is  NOT 
characteristic  of  full-floating  piston 
pin  bushings? 

1.     Bronze  bearing  siirfaceH, 
^2-.'^   Shrink  fits*  '  . 

3.  No  bearing  in  the  rod  end 

4 ,  Free  Hp  c  reep 
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3-35. 


3-36. 


3-37, 


3-38. 


How  do  you  laea^ure  the  cleaiUx^e  between 
A  piston  pin  snd  its  b^^hipgV 

1,  Use  inside  and  outside  microaeters 

2,  *  Use  feeler  gages  * 

3.  Take  leads  • 

4.  Spot  thea  witj|  prussian  blue 

Wl^ich  of  these  measures  will  help  Jfou 
reiBove  a  shrunk--fit  bushing  from  a  r^d? 

1-    Heat  the  bushing 

2,  f  Grease  the  bushifig  ^ 

3,  Use  dry  ice  to  cool  the  bushing. 

4,  Do  all  of  the  ^bove  ' 

When  inserting  new  bushings,  the  three 
things  you  must  check  are  I 

1,  aligrfioent,  clearance,  and  appearance 

2,  cleanliness,  appeai^nce,  and 
cl^aiS:anae* 

3.  appearance,  alignmemt,  and  cleanli- 
ness 

4.  cleanliness,  alignment,  and 
clearance  '  ^• 


The  connecting  rods  in  4n  engine  are 
-to  ' 


used 


3-39 
i 


1.  link 'two  pistons     ,     ,  * 

2,  transfer  piston  motion  to  the 
crankshaft 

J  3.     locate  the  crankshaft  in  respect  to 
/  the  camshaft 

4-^.  link  the  piston^  pin  to  the  piston 

/  i 

,     Which  of  the  following  types  of  engine 
uses  two  conventional  connecting  rods 
attached  to  a  single  crankpin? 

1.  Pancake  engine 

2.  Single-scti,ng  in^l Ine  ^engine 
3-     Double-acting  engine 

4.     V-type  engine 

3-40»     What,  type  of  conn^t ting,  rods  do  NOT 

need  to  have  an  eye  at  the  piston  end 
bored  for  the  piston  pin  hushing? 

1,  Semif loat ing 

2»  Articulated 

3.  Fixed  > 

4.  Full-floating 


3-4i.    W&t  is  the  usual  p4th  of  pressure 
lubricating  pil  to  the  piston  pin? 

'    1.    From  an  pil  spray,-  under,  the  piston^ 
to  the  pin  bushing  . 

2,  .Through  a  bole  Sif^the  cr&nk»ha|t 

to  a  spray,  at  the  lower  end  of  the 
rod 

3,  ^  Through  a  bole  in  the  crankshaft  axd 

thrpugh  a  hole  in  the  rod  to  the  p:^n 

4,  Froia  a  scoop  on  the  bearing  cap, 
^  through  a  hole, in  the' rod,  and  to 

the  pin 


3-42/  In  tenss  of  its  shape,  a  ^craVkshaf t 
consis£s  of     ^  . 

1.  several  flanges  forged  together 

2,  several  Mf  sets  in  a,  row 

3,  a  shaft  Vtth  a  crank  at  tha  end 

4.  a  series  of  bfearings  and  weights 

^     In  answer Ifng  Items  43  through  46,  ref^r 
to  Figure  3A,-, 


Figure  3A 


Mafch  the  following  parts  with  their  location5^ 
the  figure, 

3-43.     Web  \ 

3-44.     Main  Bearing  Journal 

3-45.     Connecting  Rod  Journal 

3-46,     Counterweight  * 
*  0 
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3-47,'   Tbe  pul^fitlon»  6¥  tha  pistons  against  the 
^      crankshaft  c^use  torsional  vibtAtlgns. 
Which  of  the  following  devices  reduce 
.the  damaging  effect  of  these  vibratidns? 

Torsional  v'^bration  damp^rs^ 
'    2.*    Counterweights  ^ 
.  •S.    Flywheels  '      %   ;     -  \ 

4.    All  .of 'the  above  ^         *  * 


3-48. 


3-49. 


3-51 The-^  crankshaft  in  the  figure  cpuld 

'     used  in  which  qf  the  following  engines? 

.  .  '  ■  ^  • 

^  .    1*    6-cylindeir»  2-8troke  cycle  Mgine 
2*^  6-cylindeir,  4-stroke  c^fcl^  engine 

Either  of  the  above  V  ; 
%.    12-cylinder,  in-line  engine  . 


3-50. 


ia&ming  "Objective:  'Identify  the 
parts,  throw y  and  arrangement 
^he  various  ctankshafts.  Textbook 
pages -7 7  through  80. 


What  .is  the  function  of  the  drilled 
jJassages  in  the  crankshaft?  ' 


3-52; 


1. 

2. 
3. 


•Why 
are 

1. 
2. 

3., 

4. 


To  relieve  excess  oil  pressures  at 
the  connecting  rods 
To  carry  oil  to  the  connecting  rods 
To  drain  off.  oil:  that  collects 
underneath  piston  heads  ' 
To  lighten  the  crankshaft  by  an 
amount  that  of^fsets  the. weight 
of  .any  counterbalance  used 

are  the  passages  drilled  so  two  holes 
in  each  journal? 

To  give  twice' the  oil  flow 

In*  case  one  hole  gets  clogge^d 

the  "other  will  still  work. 

To  give  constant  flow  regardless 

of  crank  position 

To-  provide  more  oil  pressure  to  . 
the  connecting  rod 


3-53. 


After  passing  through  th^^^-^nkshaf  t ,  oil 
travels  through  ti^e 


i. 

•7 
^  . 

3". 


main  bearings  and  the  connecting  rod 
connecting  rod  bearing  and  the  piston  ^ 
pin       ^  '  - 

connecting  rod  bearing  hnd  the 
connecting  rod  ' 

connecting  rod  and  pisto?i  crown  ^ 


3-55. 


Learning  Objective:    Ideiitify  the 
different  types  "of  camshafts  and  .  . 
Voint  out  their  metallurgical^ 
N  makeup .    Textbook  pages'  80*  and  81. 


What  is  the  usual  metallurgical  makeup 
of  camshaft  surfaces? 


Case-hardened  low-carbon  alloy 
ste^l  ;  " 

Ground  tempered  steel 
Annealed"  high^-caiTbon  steel 
Chrome-plated  alloy  steel 


2. 

3; 

4. 


The  rate  and  aim}Ufit  of  valve  lift  are 
de<:ermined  by 

1.  the  size  of  the  cams 

2.  cam  timing 

3^  the  number  of  ^cams  ' 
4.     the  sliape  of  the  cams 


Learning  Objectiv/d':    Point  out  or 
Identify  the  different  types  of 
journal  bearings.     Explain  how  to 
check  bearing  wear  and  replace 
wgrn  hearings  as  well  as  repair 
siiafts.     Textbopk  pages  81  through 


3-54.  What 


J. 


Satco"? 


1.  A  bronze^backed  bearing 

2.  A  trimetal  bearing 

3.  A  lead-based  bearing  material 

4.  A  journal  hearing 

Wliat  bearing  ^tal  is  used  ^in  a  trimetal 

bearing?  ' 


C 


1. 
2. 

4. 


Lead 
Babbitt 
Bronze 
Steel 
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3-56. 


.3-57 : 


3-58, 


3-60. 


What  lUCs^e  prliMry  purposa  of  the 
c6atlng  tattal^oa  copper-lead  fceilrings? 

1.  To  harden  tfhe  journal  surfaces  y 

2.  To  harden  the  bearing  surfipce 

3.  To  reduce  friction 

4.  To  reduce  corrosioa 

A  bearing  niaterial  made  of  ^luaifnuBi  is 
alloyed  with 


3-61. 


copper 
<  lead 
bronze 


to 


When  sm^rli  engine  bearings  have' wor^ 
excessive  clearance,  what  u*jually 
done?  *  ' 

1,  -Shims  are  removed 

2.  The  bearings  are  replaced 

3.  The  caps  are  filed  '  , 

4,  Spacera  are  added 

In^in  bearing  shells,  where  are  the  \ 
oil  distribution  grooves  located? 

Around  the  caps 
2:    At  the  sides  ^ 

3.  Where  shaft  pressure  is*the  least  " 

4.  All  around  the  bearing 

What  portions  of  the  piston  pitv  and 
connecting  rod  bearings  of  a  2-stroke 
cyclfe  engine  carry  the  load?^ 

1.  Lower  halves  of  bo tl<^  bearings  ^ 

2.  Upper  halves  of  both  bearings 

3.  Lower  half  of  the  piston  pin  bearing 
and  the  upper  half  of  the  connecting 
rod  hearing 

4.  Upper  halfyof  th't.^  piston  pin 
bearing         the  lower  half  of 
the  connecting  rod  bearing  ♦ 

$  ' 
Impending  beiarlng  failures  may  be 
indicated  by  •  , 

I'',     lower  than  normal  lubricating  oil  

pressure  and  temperature      ,  * 
higher  than  normal  lubri-cating  oil 
pressure  and  tempe^rature 

3.  lower  than  hd nnal  lube  oil  pr'essure 
and  higher  than  normal  lube  oil  ^ 
temperature 

4.  higher  than  normal  lube  oil  pressure 
and  lowoi;^  than  no cjnal   lube  oil  ^ 
temperat^ure 


3^62.    the  recofflmki«i«d  dorrectjlve  action  for 
journal  bciringsi  that  have  toall  raised 

surfaces  or  aigor^gi^  is  to^  '  ^  - 

'        •  ^     ..  «  ■ 

1.  replace  the'b&triag*  . 

2.  «  stone  down  the  rais^  surfaces 

and  fill  in  -pits  with  solder         ^  - 

3.  grisid  the  surfaces  vitlT  a  hand  , 
grinder 

4'*    sjaooth  d^jn  <the  -surfaces  with  a 
bear  ing^raper 

3-63,    Before  installing  new  or  restored 
bearings,  what  should  you  do? 

1.    Wipe  oil  on  the  journal  surfaces 
—    2.    Wipe  oil  on  the  bearing  suffaces  , 
*3,     Both  QV^the  above 

4.  Clean  the  bearinga  with  solvent  and 
wipe  dry '  .      *  ' 

3-64,    Certain  infoiAtidn  i^  Indicated  by     -  ' 
markings  placed  on  ^ch  fialf  of  ^ 
'  connecting  rod  bearings  when  they  are 
*^  removed  from  an  engine.    The§e  markings 
ensure  that 'the  halves  will  be  install*^ 
in  thei5^  original  positions.    Which  of 
the  following  is  t^n  example  of  sufficient 
,  -^and  necessary  information  being  showtt  • 
by  a  marking? 

1.  No,  2  cylinder 

^  ,  2,  No.  2  cylinder,  upper  half 

3.  No. ^^2  cylinder     engine  No.  311645 

»    4.  Upper* half,  Engine  No.  311645 


3-65. 


3-66. 


V67 


What  procedures  are  acceptable  for 
tightening  connecting  rod  bolts? 

1,  Bolt  elongation  and  bearing  cap 
cpmpression 

2,  Bearing  cap  compression  af 
tightening  with  a  slugging  wrench 

••3.     Torque  wrejich  tight ening: , and  bolt  « 
elongation 

4,     Slugging  wrench  tightening  and  using 
a  wrench  extender 

WTiich  of  the  followii\g  procedures  can  be 
used  to  give  a  direct  reading  of 
connecting  rod.  bearing  clearance? 

1.  Bridge  gage  readings 

2 .  Flastigage 

3.  Leads 

^4.  Bearing  shell  thickness  readings 

Wliat  method  is  usee  to  determine  if  a 
connecting  rod  or  tEain  bearing  journal 
ifi  Oj^t-of -round ?     '  * ^ 


o 
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i  .     A  bridge  gagc>  reaeiing 

2.  '  Several  micrr>metcr  readings 

3.  Several  plitstigage  readings 

4.  A  dial    iiidlrator  reading 


3-68.  What  lef  done  with  a  crimkshaft  journkl 
which  is  scored  &nd  has  turudd  blue  in 
some  spots?  ^*  * 

I.    The  crankshftft^  ±s  replaced 
2  • .  -The  crankahaf t  i«  annealed  and 
<iegrouQd 

3«^The  journal  is  grouxKi^dovn  to  reaove 
the  scoring  and  the  blue  area^ 

4.    The  scoring  sis  stoned  ^nd  the 

surface  dreis^  with  crocus  cloth 


3-70. 


3-71. 


To  avoid  furthet  engine  daiaage  wh^n 
repairing  minor  scoring  in  a  crankshaft 
journal,  you  should 

1.  work  quickly 

2,  cas^^^l^rden  th«^  mrface  when 
finished 

3*    dress  both  the  bearing  and  the 
journal 

4-    keep  abrasives  out  of  the  oil  ^ 
passages  • 

ihuit  instrument  is  used  to  take  crank 
web  deflection  readings? 

1.  A  feeler  gage 

2,  An  outside  micrometer 
3*    A  strain  gage 

4,     %  gage  block 

rn  some  engines,  crank  web .deflection 
readings  are  NOT  taken  with  the  piston 
-at  bottom  dead  center-  Why? 


3-72.    Bcw  slK?illd  you  insert  a  camshaft  into 
%        the  casftShaft  recess? 

1.  Rotate  it  as  you  push  it  In 

2.  Shake  it  up  and  dotfn 

3.  •  Apply  grease  to  it 

4.  Hit  it  with  a  sledge  - 


Learning  Objective:    Explain  the 
functions  of  I'fl^heels  and  jacking 
gear.    Textbook  pages  B7  through  89, 


3^73, 


3-74. 


1. 


3-75. 


The  crank  does  not  deflect  at  that 
point  ,  \ 

2.  There  are  no  prick  punch  marks  there 

3.  The  gage  is  upside  down  at  that 
I  point 

4.  The  connecting  rod  is  in  the  way 


Assuming  that  the  nK?viiig  parts  attached 
to  the  crankshaft  of  , each  of  the  follow^ 
ing  engine  type*  are 'of  equial  mass, 
which  type  of  engine  will  probablv  use 
the  lightestyflywheel  to  stabilize 
crankshaft  rotation?         ,  '  . 

1.  6'-cylinder,  in-line,  2-strQke  circle  - 

2.  6-cyiinder,  in-line,  4--stroke  cycle 

3.  S'-cylinder,  in-line,  2-stroke  cycle 
4|  12-cylinder;  V,  4-stroke  cycle 

On  smaller  diepiel  engines,  whi^t  is  the 
function  of  tlTe,  turning  gears? 


1. 
2. 
3. 
4. 


To  start  the  engine 

To  reverse  the  engine 

To  do  both  of  the  sbovQ 

To  pos^lfion  the jcrankshaft  for 

maintenance  ind^ tests  | 


In  starting  a  Faifbanks^-Morse  engine, 

the  jacking  device  must  be 

1,  locked  ou^  of  mesh  with  the  flywheel 

2.  dperated  by  an  air  motor  wrench 

3.  vigorously  hand  cranked 

4 ,  removed 


8' 


er|c  '  / 


/ 


Assignment  4. 


EoKine  Operating  Mechanises;  Diesel  Engine  Air  Systems;  and  Engine  StartinS  SyBteaa 


Textbook  Assignment:    Pages  93  through  136 

■  -7' 


r 


4-2. 


4-3. 


4-4. 


Learping  Objective:     Identify  the 
functions  of  the  operating  functions  % 
of  €frankshaft;  camshaft,  actuating  \ 
mechanisms,  and  cam  follower  of  a 
2-stroke  cycle  in-%llne  diesel. 
Textbook  pages  93-94. 


^-I,     What  is  tke  term  for  the  groups  of  parts, 
that  takes  power  from  the  crankshaft  i^nd 
traaismits  that  power  to  "various  «figine 
components  and  accessories? 

'  1.  *  Actuating  mechSnlsm 

2.  Drive  mechanism 

3.  dai^shaft  assembly 
4;     Power  takeoff  unit 


In  transmitting  power  within  atv^nglne,  a 
drive  mechanism  will  do  all  but  which  of 
the  following? 

1.  ChanA^he  direction  of  motion 

2.  Change  the  speed  of  motlo^i 

3.  Change  rotary  to  reciprocating 
motion 

4.  Transfer  motion  in  the  same  direction 

i 

What  i^'  the  speed  of  the '^camshaft  in  a  ' 
2-stroke  cycle  engine  when  the  'cranl^shaf t: 
■fs  turning  at  1X00  rpm? 

1.  1100  rpm 

2.  ^50  rpm  ***  ^ 

3v  2200  rpm 
4.     1650  rpm 

The'  combination  <^f  parts  which  receives 
power  from  the  drive  mechanism  and'trans- 
raits  the  power  to  the  £ingine  valves  is 
called  a/an 
.-^ 

1.  gear  mechanism 

2.  accessory  drive  mechanism 

3.  actuating  mechanism 

4.  timing  mechanism 


4*5. 


A  valve  actuating  machanisia'*fioea  NOT 
necessarily  include  which  of  't;he  following 
parts? 


1. 

2. 
3. 
4. 


rods 

Valve  springs 
Cam  followers 


4^6. 


When  an.  engine  is  NOT  equipped  with  push 
rods,  the  ca^  follower  Is  a  part  of  the 

1.  rocker  arm 

2.  valve  bridge 

3.  cams^iaft  « 

4»     connecting  rod  y    '  ' 


Learning  Objective:     Identify?  the  ^ 
operating  functions  of  gears,  shafts,  and 
rocker  ^rms  of  a        71  aeries  diesel 
engine.    "Textbook  pages  94—  98. 
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4-7, 


In  a  QH  71^  which  gear  in  figure  4A 
transmits  power  to  operate  the 'fuel 
-  pump? 


Figure  Gear  Train  of  GM  6-71  engine 

4-9 


4r8. 


I. 
2. 
3. 
4. 


A 
B 
D 

E 


Which  gear  in  figute  4A  operates  the 
mechanism  that  actuates  the  fuel 
injectors? 


B 

F 
D 
H 


Which  gear  in  figure  4A  stabilizes    ,  , 
^the  oscillating  impufses  of"  trie  ^nfrlne? 


1. 
2. 

:3. 

4, 


A 
E 
F 
H 


o 
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.3  /  , 


VIO,    Tt^  fuel  oil  puap  on  the  GM  6-71  ^leseX 
^  engine  is  driven  by  the 


1,  '  valve  \^ctuating  gear  ' 

2,  governor  drive  shaft 

3,  •  lower  blower  rotor  shaft 
4»    upper  blower  rotor  shaft 


Learning  Objective:    Identify  "the  geara» 
shafts  t  aUd  mechanisms  within  the 
Fairbanks-Morse  3S1).  Textbook 
pages  101  through  105. 


4-11. 


GM  6-71  diesel  engine,  where  is  the 
wateiNPniap  iBQ^nted  and  to  what  accessory 
gear  isNlt ^connected?  ^ 


4-16. 


1.  I^^ft  side  of  the  front  end  plate  and  , 
connected  to  the  idlier  gear  shaft 

2.  Right  side  of  the  engine  block  and 
:  connected  to  the  main  drive  shaft 

.  -V        3,    Front  end  of  the  governor  housing 

and  connected  to  the  governor  drive 
shaft 

4.     Front  end  of  the  blower  and  connected 
to  the^  blQwer  rotor  shaft  through  a 
coupling  ^  ' 

4-12-    The  fuel, injectors  on  a  GM  6-71  diesel 
engine  are  actuated  by  the  ^ 

1.  ^  hydraulic  lifters 
"-S2^    valve  bridge  • 
3»    rocker  anas 
4.     camshaft  lobes 


4-17. 


In  the  Fairbanlds-Morse' opposed-piston 
engine,  which  type  of  \drlv4  operates 
^the  fuel  injection  mechanism^ 

1.  Gear  type 

2.  Chain  type  . 

3.  Belt  type 

4.  Spur  type »  , 

In  ^n  FM  38D  d|.esel  engine,  the  camshaft 
operates  the  ' 


Learning  Objective:.  Identify  the 
parts  driven  by  the' accessory"  dAve 
^of  the  Qf-278A  series  diesel  engine-^ 
Textb'ook  pages  99-101. 


4-13.  ,  What  part$  of  the  GM^278A  diesel  engine 
'  are  driven  by  the  accessory  drive? 


1. 
2. 
3. 
4. 


Cam  followers  and  rocker  arms 
Blower  and  vater-'^pumps 
Fuel  injt^ctors 

Starting  a^.r  timing  valve  and  the 
governor 


4-14. 


In  a  GMr278A  diesel  engine,  t\\e  lubrica- 
ting oil  pump  receives  power  from  the 

1.     accessory  drive 
2-     blowerji  drive 

3.  camshaft  drive 

4.  camshaft  gear  through  a  flexible 
coupling 


4-15.     In  a  QM-278A  diesel  engine,  what  keeps 
the  tension  off  the  valve  stems  until 
the  bridge  is  actuated  by  the  "rockt^r 
arm? 


1, 
2. 
3. 
4, 


V 


exhaust  valves 
.  gM^ernor 

i«tgjng  gear  asseiably 
tappet  aaseuibly  •  for  the  fuel 
inj  ection^  puxsps  , 


Figure  4B, — Chain  assembly  of 
FM  38D  engine.  . 

-18>     Wliich  sprockets  in  figure  4B  do  NOT 
transml t  powc^r?  , 


1. 
2. 
3. 
4. 


A,  B/  and  C 

B,  C,  and  D 
B,  C,  and  F 
D,  E,  ancf  F 


r.  Valve  bridge 

2-  Rocker  arm 

3.  Valve  bridge  spring 

4'.  Cam  action 
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WWcA  spMckttt  1^  ft^ve  4B^  attached 
'  to  tW  sbafi^  that  provides  pdwe^i  to  ' 


1;  i^' 

3.  P 

f 


The.  majority  pf.  the  acceMorics  f 6r'  «i« 
isi'  SSD  are  driven  by  ^  gear^s^chanisisr  . 
which^  deceives  pow§.r  fVom  the 


4-24 ,  In  the  ^caa^fhaf  t  drive  of ^  a  4--?troke  *cyc3# 
diesel.  engine,  why  ar^  helical' teeth.  >  ^ 
gaar^  ,f  re<}ueati5^  uied?  . 

-  *  *    1.*   fieli^l  teeth  'geara  are  ctie^per;  ^  . 
2«    Helical  teith  ^gltairs  |u:e.c|ujLeter  aitd 
provide  fwi:^^  trana^ijssioa  of  pidweV- 
'  #'3.    Hifeitcal  teeth -gears  n«vAi^  wear  •ijut 
^4r, '  'E^lical  teeth  i^ara  are  simple  to 


1^    upper  crarikshaft  ^'  *  , '  , 

2.  lower  crankjshafi  .  * 

3.  camshaft  drive          •  .  * 
chain  assembly  .   •  • 

Oh  a  FM  38D,  the  slvaft  of 'the  lubricating^^ 
t)il  putnp  drive  transmits  powe*  to -driv^ 
thie  "  '  V 


Learning  CH>jec£iv^:  '  "IdeiSti^f y/ 
scavenging  Md  sup^rchargiag^-; 
component^       thfeir  .fuactiona.  ind 
ifelfttibMhip  ta  the4.Titake  axid' 
v^xhaust  ay&4:e&>^  Textbook;:  pa^es 
109  throuih  114/-  .  -   ^  ' 


4-25. 


1 .  fuel  pump 

2^1 .  water  ptutip 

3.  governor 

4.  injector  pump 


Learning  Objective:    Describe  the 
speed  rati^)  of  the  camshaft  and 
crankshaft  as  weXl  as  the  source 
of  power  for  the  turbocharger  and 
e^eplaln  why  helical  gears  are  us^d  " 
with  the  4-stroke  cycle  diesel  engine, 
'Textbook  pages  106  through  108, 


4-26, 


4-22, 


a  4- stroke  cycle  diesel  engine,  the 
urbocharger  is  driven  by 


4-23. 


1.  a  gear  trair^ 

2.  a  change  drive 

3.  an  actuating  gear  , 
4-     exhaust  gases 

In  a  4-stroke  cycle  diesel  engine,  the 
camshaft^  turns  at  what  speed  in  relation 
to  the  crankshaft? 

1.  Same  speed  as  tht*  crai^kshaft 

2.  Dne:::,half  th€^  speed  of  the  crankshaft 
3»  Twlcje  the  speed  uf  the  crankshaft-* 

4.  Varies  with  engine  design 


4-27, 


4-28. 


In  the  intake  system  of .  late  xoodel  * 
2-strQke  diespl  enginasi  a  blower.^  used 
to  force  ,     '  ' 


3. 
4. 


air  intOttthe  cylinders 


:oMtr 

air  through  thir"C5?linder  jackiet 
fuel  through  the  fuel,  injectors 
exhaust  gases  from  'the  exhaust  ^  , 

^maitlf old,   .  / 


In  a- 2-stroke  cycle  diesel  engine,  the 
op§|^ings  tKrough  which  air  enteri'  tj^e 
cylinders  are  referred  to  as 

1.  access  vents 

2.  accimiulator  valves 

3.  baffle  holes 

4.  scavenge  ports 

Scavenging  in  a  2-8tjoke  cycj^e  engine 
takes  place  during-  the  early  part  of  the 
dovnstroke  and  the  latter  part  of  the 
ups^troke'. 

In  the  4-stroke  cycle  diesel  engine,  the  ' 
overlap  between  *he  intake  and  the  exhaust 
permits  air  from  the  blower  to  sweep 
exhaust  gases  from  the  cylinder  and  also 
to 

« 

1.  clean  oil  drain  passages 

2.  cool,  some  o£  the  engine  parts 

3.  eject   foul  air  'from  the  air  box  ^ 

4.  force  air  through  the  turbine 
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4-29.  ^ In  a  Mturali^  afpiTStcd  eagliie,  the  air 
'  *.    "i«  fcrrced  into  tbe  cy:^ind^rl^^aua«  of 
^     the A  .      .         '  •  .  #      *  ' 

*       .  •  * 
1,,  greater  pressure  outside  the  oylinijer  . 
2.    blower  pressure       ,  • 
/    .    3 1    turlK>cKar§er  pressure  >    ^   .  ^ 
4,    piston  as  it  laoves  toward  the  '  ^ 
'      •    qqaibustiOB  Spade  during  ^he^  e:sdiaust 
,e^i^t  »  ^         '  .  •  / 

,  ^      f  -  ,  •  ' 

4-3Q^    Ift -addi^ori  :to  trlearing  th^  c3a-inders''pf 

^exhaust  ^aaes,  the  air  that  enters  the  -  , 
.*   ,  cylinders  can  be-  lised  to        ,  •  ,  * 

'  "''^      f     »  ■  ■ '      *  ' 

l/    increase  .  th^,  pc^^  output  l3f  the 

^  engixje  '  -^^  /  ' 

1.    clear  foul  ait  frdmSjig^  iub:fic#t;^ng 
9  '  oil  sump       .  ^ 

.    3.     qleaii  ^he  spray  t:ip  of  the  €uel 
injectors  ^ 
4.    preheat  |:he  die^l  fuel  "X^* 

4-31.     Scavenging  is  the  removal  of  eachau^t  gas 
with  the  exhaust  ports  closed.  .  * 

4-32.  *  In  the  sujjerchargel  4-stroke  cycle  engine, 
,       *  why  is  there  ^n  overlap  of  the  intake 
and  exhaust  ev^ts? 

X'  *  1*0  remove  exhaust  gases  Vith  bfower 

pressure 
2/    To  increase  power 

3,  ,  to  do  both  1  and  *2  ab^ve 

4.  Because  of  the  720*'  it  takes  to  » 
'  '  complete  a  cy^^le  T 

^  '  ' 

4-33.     The  crankshaft  of  a  4-stroke  cycle  engine 
"    '   makes  four  cosjplete  revolutions  per  cycle. 

^     Items  4-34  through  4-38  ace  concerned 
with  a  supercharged  Cooper-Besseiaer 
4-8troke^cycle  dieSel  engine* . 

^4-34.^    The  intake  and  the  exhaust  valves  are 

open  longer  than,  they  are  t?n  a  coiapara- 
tivf  engine  without  a  supercharger »  This 
permits  a  longer 

1.  compression  event 

.  "     2-  power  event 

3.  scavenging  even't  f 

4.  injection  event 

4-35.     How  many  degrees  of  crafikshaft  rotation 
before  the  piston  reaches  BDC  does  the 
pxhaust  valve  open? 


4^-36.    Ho«:  mi^y'Am^heB  of  crsnksliaft  rq^iation 
■*  bitf ord  the  piston  reaches  TPC  does  the  > 
turb^ha'lgar  begin  to  force  air*  into  ttie 
'      ■  -tylifider?      "    - '       ■  ' \. 


1.  45*>j 
?  »  2.    55*.  \ 

^'     '    >  3/   75-^   1  - 

^i37.    What       the  cylinc 


ider  i^ressure  by  the 
tim©'  intake  valves  plosff'J^  ' 

^i,. '  .  iyto    3  psi,  ^ 

2-  '3(to    5  psi,         \  I' 

^  to    8  psi  ,        ,  \ 

■  ^    4.    8  to  10  psi*^ 

4-3S.»  In  a  4-stroke  cyc^e  engine,  a  complete^ 
.■tycle  of  events  has  occurred  after  the 
crankshaft  has4 completed 

1.  one  revolution 

2.  one  revolupicin  and  each  piston  has 
made  two  strokes     •  •  ' 

3.  two  revolutions'  and  each  piston  h&s  ' 
*  made  two  strokes 

4,.  two  revolutions  and  each  piston  has 

*     *  made  four  strokes 

4-39.    Supercharging  takes  place  in  a  4-stroke 
cycle  engine  wh^n  the  piston  is  in^the 
*ricinity  of       ^  '  *       *  . 

r.  TDC   ^ " 

2.  -BDC 

3.  the  injection  Center  ^ 

4.  the  combuSftion  center 

h 

4-40.     In  a  2-stroke" cycle  diesel  engine  with  a 
supercharger  /  how  tnany  degrees  of  cradk- 
'  '         ^ shaft  dotation  past  TDC  does  the  pQwer 

.  event,  force  the  piston  through  the  dowii^ 
'  ^       ^stroke?    ^  -  ' 

'    1-     17  1/2^ 

3.  71* 
'*    ^    4.     92  1/2^     .  - 

4-41.     In  a  2-stroke  rycle.  engine,  h^v  Qiany  , 
degrees  of  rotation  are  involved  in  th^ 
scavenging  operation?  ^ 

U  44  1/2^" 
2,  ^  1/2** 

4*  ^160° 


7  c 


.  Learning  Objective:    List  thiiy 
'  ^intake  syistala  copppueati  by.  tnair    •  } 
*functioiJ.    Textbook  Images  ^114      125./  *  /  ^ 


4-48. 


4-42. 


4-43. 


la  figftte  6-3B  of  the  textbook,  how  many 
^  degrees  of.  the  crank^ihaft  rptjatioa  are 
.  Vae^  in  Injection? 

1-     5*       .  ,  _ 

.2.^^.17  1/2*-        \        ^  ^ 

3.  92  ^/2',  .     '  ^ 

4.  96"  . 

a  dry-type  diesel  engine  air  intalfje,' 
/ysteo;  in  what  order, dqes  air  p^ss 
^through  the  system?' 


4^45. 


4-46. 


4-47. 


ERLC 


1, 

1 
4. 


Sllenc«|r,  apreeti,  blower 
Silencer,  bj^er,  screen 
Screen,  silencer,  blower 
Screen,  blower,'  silencer 


■  '■■  ■  v 

ii  driv«tt  *  ^  \ 


4-49. 


In  GM-71  diesel  engines,  what  i^iaterial 
served  as  th^  cleaning  element  in  the 
viscoys  typerof  ailencer-and-cleaner 
assemblies? 

'l*  Cotton  wasce^ 

2.  Wire  screen 

3-  Metal  wool  . 

4^  Corrugated ^paper 

'  The  primary  function  of  the  blower ^of  a 
supeifehaLrged  engine  is  to  force 

1.  scavenging  air  through' the  cylinders 

2.  a  large  '  volume  i:^f  low-pressure  air  ^ 
into  the  cylinders 

3.  ^  a  large  volume  of  high-pressure  air 

into  the  cylinders 

4.  a  sinall  volume  of  high-^pi^sisuf e  air 
into  the  cylinders 

To  which  of  tKe  following  types  of 
blowers  does  the  Roots  blower  bi^long? 

1.  Centrifugal  ^  "  . 

2.  Positive-displacenient 
3*     Axial  flow 

4«     Rotary  v3ne 

In  the  CM  I6--278A  dieael  engine,  how  many' 
lobes  are  on  each  rotor  of  a  Roots  blower? 


1. 

2. 

Two 

3. 

Three 

Four 

A 

4-50. 


4-51. 


4-52. 


4-53. 


4-54. 


by  .the  * 


1*    ^3d>^ust  ^ases 
2.    e^tn«  crankshaft 

3«  /hir  ixom  the  '^iApeXi^ 
4.    bXow«r  '«i^  a^ctB$K>t?f  drive  McHaxtias  ^ 

In  ^ '  Elliot rBuchi  tiirbochirger^  the 
speed  pi  the  turbine  ii^  regulated  Ijy  the.  ' 

1.  caoahaf.^  gear  speed  ,  7 

2.  size  of  the  exhaust  outlet 

3.  direction  of  engine  rota&lon 

4.  load  and  speed  of  the  engine 

The  air  forced  Ipto  the  cylinders  by  a 
turbochttrger  is  often  reduce  in  voluoie 

by 

1.  an  air  coi^ressor 

2.  an  aftercooler  v 

3.  a  diffuser  -     '  ' 

4.  a  forced-draft  blower         '  ^ 

The  temperature  of  the  air  entering  a 
diesel  engine  nust  be  kept  low  to  aid 
in  cooling  the 

1,  turbine 

2,  turbine  and  exhaust  valves  ^ 

3.  c5^1inders 

4.  '  exhaust  v^alves  and  exhaust  sanifold 

In  a^  2-8troke  cycle  engine,  the  intake  >» 
passage  that  conducts  air  to  the 
cylinders  is  usually  called 

1.  an  air  box 

2.  an  air  tunnej 

3.  a  rotor  housing 

4.  a  ventu'ri 

In  a  4-stroke  cycle  diesel  engine,,  the  ' 
admission  of  air  into  the  cylinder  is 
usually  regulated  by 

1»     a  manifold 

2.  an  ^ir  silencer  • 

3.  air  headers 

4 .  cylinder  valves 
*■ 

.On  somo  large  diesel  engines,   the  test  ^ 
valve  for  each  cylinder  is  used  to  ' 
perform  which  of  the  following  functions? 


1. 

2. 

3} 
4. 


To  relieve  the  cylinder  pressure  when 

the  engine  is  turned  by  h^nd 
To  remove?  oil  or  water  from  the 
cyl inder 

To  test  firing  pressure  and 

/rorapresslon 

To  do  all  of  the  above 
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V  • ^  .  '  \^  .  .       ■  V  ■ 

4*S5,    Soa#  d;UMl  engluM  have,  ^prin«-load«d  <jroO* 
popp^  ty^f^OwlvAS  provided  for  ««ch 
cyliA4«t,    the  Sunctipo  of  the  -valyfwi  is 

to  .  ' 

■  Jt 

'  ^    '1.    persait  the  ccnmectiag  of  *a  pressure 
'  ipdicator     ,  *  ^ 

2.    force  scavenging  air  into  the  headers 
,  3^    opea  at  a  predetermitied  cylinder^ 

pressure  "  ^ 

U:    penait  a  portion  of '  t1ti^^a^-J:o  be,  f 
collected  for  testitig—^'^'^- : 


4-61. 


Learning  Objectives    Explain  the 
purposcf  of  the  exhaust  manifold » 
pyrometers,  piping  and  silencers* 
Textbook  pages  125  through  128. ; 


4-56.    Ihe  exhaust  systeis  of  a  diesel  engine 

may  be  designed  to  perform  which  of  the 
following  functions? 

1.  Quenching  sparks 

2.  Hiiffling  exhaust  noise 

.    '      3.    Removing  solids  from  exhaust  gases 
4.    All  of  the  above 

4-57,  In  figure  6-19  of  the  textbook,  after- 
the  exhaust  gases  leave  the  cylinde^g, 
they^ass  through  the  \ 

1.  exiiaust  pipe  4f 
*2.  'exhaust  silencer 

3.  overboard  discharge  pipe 

4.  turbine  end  of  the  turbocharger 

«  •  * 
4-58,     A  pyrometer  is  used  oti  diesel  engines 
for  measuring 

1..    exhaust  temperatures 

2.  ignition  quality  of  fuel 

3.  cylinder  compie;asJ'On 

>       4.^    temperature  difference  between  the 
intake  and  exhaust  manifolds 


4-62. 


4-63. 


4-64. 


A 


4-59. 


In  the  wet-type  muffler,  how  does  the  ^ 
, water  cause  a  reduction  in  noise? 

1.  It  causes  the  gases  to  expand 

2.  It  causes  the  gases  to  contract 

3.  It--washes  the  gases 

4.  It  quenches  all  sparks 


4-65. 


Learning  Objective:     Describe  the 
operating  principles  of  starting 
systema  and  list  the  different*^ 
types  of  similarities,  differences, 
and  functions.     Textbook  pages 
129  through  136, 
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To  keep  a  atartiog  tao^or  fr^Mi  overheating, 
you  xs^t  be  «ure  to  •  * 

,  1.    let  it  cool  f orf  2  or  3  alautea  a£t^r 
,  running  it  aa  long  as  ^0  aecpadia 

2.  let  it  cool  for  3d  aeconda  after 
rufiAing  it  as  loxig  as  2  or  3  minutffc^ 

3.  let  it  cool  for  1  sainute  after  * 
^mnnins  it  a«  long  aa  1  ainute 

4.  disengage  It  aa  soon  as  the  engine 
atarts  ,  , 

What  is  the  usxial  gear  tatio  between  the 
standard  drive  pinion  and  the  engine 
flywheel  of  a  dieael  epgdlne? 


1. 
2. 
3. 
4. 


5  to  1 
10  to  1 
15  to  ^ 
20  to  1 


The  startet  pinion  my?t  be  disengaged 
from  the  flywheel  as^oon  a^  the  engine 
starts  because  the 


1. 
2. 


4, 


Starter  will  have  a  braking  effect 
high  speed  which  is.  developed  by  the 
engine  would  cause  damage  to  the 
starting  motor  ^ 
starter  will  begin  to  act  like  a 
governor 

flywheel  gears  may  break 


The  magnetic  switch  on  engines  using  the 
Bendix  drive  ,i«  grounded  to  the 

*  V 

1.  ^engine  cylinder  block 

2.  generator  houaing 

3.  starting  motor  housing 

4 •     engine  base  ^  • 

Which  of  the  following  precautions 
should  be  taken  before  re-engaging  the 
gendi^  drive  starter? 

1.  Put  the  starter  control  switch  on 
*'low'*  ^ 

2*    Wait  until  the  engine  has  stopped 

3.  Disconnect  the  starting  motor  battfery 

4.  Tighten  the  drive  spring 

Aftt^r  the  engine  starts,  the  pinion  of 
the  Dyer  switch  'drive  mechanism  is  locked 
\n  the  demeshed  position  by  the 

1. .  pinion  guide 

2.  pinion  stop    ,  *        •  . 

3.  '  shift  lever 
4/    pinion  spring 


^9? 


4-66*    To  wiii<!h  of  th«,  folloirisig  positions  miat 
the  Byer  shifV  drive  m^chaaiMi  be  ^ 
returned  before  ^tb«  pinion  can  be  ,  / 

*  r^«ng«^«d?  .  *  Y 

1.  PisengAgcd  position  .  . 

2.  "  9^giaaing  sngsgeaM&nt  -  '  | 
^     3,    ^uHy  ©ngsgod            ,  • 

4-    Starting  position  V  , 

0^    The  generator's  chatging  current  isust 

equal  the  battery's  discbarge  rate  EXCEPT 
when  the  starter  motor  is  being  used.  The 
g^joerator  does  not  supply  current  When  ,tl^  «. 
M^&xier  is  being  operated  becaiise  (he  eng£||e'8 
spee4  is  too  sloCr  for  the  operating  speed  of 
the  generator  and  the  starter^motor  would 
overload  the  generator. 

4-67      If  the  generator  fail^  to  generateV  snd 
the  running  lights  are  bumix^,  what,  if 
anything,  will  happen  to  tha  bsttery? 

1,  The  generator  will  short  circuit  the 
battery 

2,  the  battery  will  discharge 

3.  '  The  battery  acid  will. get  stronger 

4.  Nothing 

4-68,    What  controls  the  output  voltage  of  an 
alternator? 

,  1.  Solenoid 

2.  Rectifier 

3.  Speed  of  the  engine 
vr          *4.  Voltage  regulator 

What  controls  the  output  voltage  of  a 
d.c.  generator? 


4771^:  Uhlah  Of  the  following  solvants  may  be 
used  to'  clean  generftors? 

"  1*  Alcohol.  - 

2.4  Inhibited  Taethyl  chloroform,  . 

^      3*  Beniine  » 

4/  Gasoli:^  •  i 


4-72. 


4-73. 


Excess  grease  wiiy^lead  to  l^aring 
faili^e.  ,         ^  . 

What  at\oul^  be  th^  color  of  a  clean 
coiv^tator  that  lhas  been  lis^d  for  2  weeks 
or  SK^re? 


1.  Dark  l^rovn 

2.  Blue 

3.  Black 

4 .  Copper 


4-74.    The  liydraulic  stat'ting  aotor  is 

operated  b^  hydraulic  pressure  from 

the 

'* 

1.  accumulator. 

2 .  hand 

3-    engine-drivtn  puap' 
4.  reservoir 

4^75.    The  coapressed  air  for  starting  a 
sup^^fcnarged  GH  diesel  engine  is 
admitted  into 

1%  the  cylinders 

2.  an  sir-driven  starting  motor 

3.  the  supercharger 

4.  the  exhaust  manifold 


1.  Solenoid  ' 

2.  Rectifier 

3.  S|>eed  of  engine 

4.  Voltage  regulator 

4-'70«     What  la/are  the  functionCs)  of  the 

voitagfe  regulator  associated  with  a  d.c, 
bat  tery^charging  generator? 

1,  To  prevent  the  generator  from 
exceeding  its  rated, output  voltage 

2,  To  prevent  the  generator  from 
over charging  the  battery 

3,  To  prevent  the  flow  of  current  from 
battery  to  generator  when  the  / 
generator's  output  voltage  is  less  ^ 

*   than  the  battexry's 
4»     To  prevent  all  of  the  above  from 
happening 
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/Assignment  5 


Englpy  Starting  Systems  (Continued)  anxl  l^gtoe  |ool^ng  Syst 
Textbook  Assignment:'  Pages  136  through  1?6 


5-5. 


Learning-  Ob j  ective :    Describe  th^ 
operating  principles  of  starting 
systems  .and  list  the  different 
types  of  siittilarities,  differences 
ani  funct*iot>8.    Textbook  pages  136* 
through  143. 


5-6. 


5-1. 


In  figure  7-11  of  the' textbook,  what  is 
the  tiujnber  of  the  rotating  mender? 


2. 
3. 
4. 


1 
2 
3 
4 


Which*  cylinders  in  a  16-cylinder  engine 
are  air-started? 

1,  4  in  each  bank 

2,  6  in  one  b^ik,  2  in  the  other  ^  , 

3,  8  in  one  bank,  none  in  the  other 

4,  8  in  each  bank 

The^  air-starting  control  valve  on  a^GH 
diesel  engine  is  opened  by 

1.  a  collapsing  spring 

2.  a  kand  lever 

3-     the  camshaft  lobes 


4.  ^ir^i^s 


ure 


5^7. 


S-2. 


5-3. 


5-4. 


A  safe  pressure  for  aiiSst^rting  diesel 
engines  is  assured  through  the  use  of  a 

1.  reducing  valve  and  a  relief  valve 

2.  relief  valve  and  a  governor 

3.  governor  and  a  reducing  -  valve 

4.  reducing  valve,  a  relief  valve,  and  a 
governor 

During  the  starting^cycle  the  pressure  . 
regulator  valve  rapidly  adjusts -to 
regulate  starting  pressure.    What  is  the 
valve  position  when  the  pressure  in  the 
dome  is  equal  to  the  pressiyre  under  the 
'diaphragm? 

-Iv    Fully  open 

2.  Fully  closed 

3.  One-half  open 

4.  Almost  closed 

in  the  pressure  regulator,  what  will 
happen  i^  the  air  screen  becomes  clogged 
•with  dirt?         ^  ^ 

"  1.     Hie  relief  valve  will  lift 

2.  The  bypass  will  operate 

3.  The  regulator  valve  will  ^close 

4.  Tlie  screen  will  be  forced  into  the 
valve  body 


i^3BMP^Bh 


a'  diesel,  the  major  objective 

 '  compression  rations 

^uffi0^n?Sfco  /      .  '  ^ 


5-8. 


5-9. 


'l.  tilm  the  flywheel 

2.  ignite  the  fuel 

3.  reduce  thef  friction  J 

4.  overcome  the  inertia 

\ 

The  constr\;ption  of  a  GM  starting  air 
distributor  valve  differs  from  the  ^ 
consxrudtion  of  a  GM  air  starting  check 
valve  In  that  tk^  distributor  valve  has  a 

\ 

I,     poppet  type  valve 

seat  which  is  part  of  the  valve  body 

3,  .cam  follower  to  serve  as  the  valve 
guide 

4.  spring  to  exert  closing  pressure 

In  the  air  starting  check  valve  when  the 
distributor  valve  is  closed,  vfhat  closes 
the  check  valve? 

1.  Air  pressure  in  the  valve  chamber 

2.  Spring  pressure 

3.  Air  pressure  in  the  combustion 
chamber 

4..    Exhaust  pressure 
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Ujarttiag  Objfeiitivei.   Naxae  the 
different  types  of  ignition  aid« 
and  give  the  purpose  of  each, 
Te^xtbook  p«g0)i  143  tbroiigh  I4S^ 


Laarning  (H>jeetive:    Esc^laiu  the 
purpose  of  .engine  cooling  aysteas. 
Textbook  page  146.' 


5^10* 


5-11, 


5-12. 


5-13. 


5-U, 


When  a  diesel  engine  is  turned  <?ver 
slovrly  during  the  starting  oparation,  the 
injected  fuel  will 'pjobaily  not  ignite 
because  of  the  '      '  « 

1.  la<^  air  tetap^rature  in  the  cylindeV 

2.  ^  high  cyllniier  pressure 
3;*    oil  loss  fro®  around  the  pistonjB 
4.    airflow  into  the  carburetor 

In.  the  eth^r  capsule  prixaer  type  of 
ignition  aid,  the  liquid  ether  is  ^ 
contained  io  the 

1.    discharger  cell 
2*    discharger  nozzle 

3.  pressure  primer  bulb^ 

4.  3/16-inch  tubing 

In  using  the  ethex  capsule  primer,  when 
is. the  starter  switch  released  if  the 
engine  does  not^  start? 

1*  After  30  seconds  ^ 
2-  15  seconds  after  the"^engine  has  come 
up  to  cranking  sp^d  ^ 
3*  After  15  seconds* 
4.    After  20  seconds 


5-15, 


In  using  the  pressurized  cylinder 
starting  aid,  how  long  should  the 
control  knob  be  held  open? 

1.  I  to  2  seconds 

2.  '  15  seconds 

3.  20  seconds 

4.  3D  seconds 


The  fianje  primer  has  two  assemblies. 
Which  of  the  following  parts  make  up  the 
heater  unit? 

1,     Burner,  pressmre  pump,  aid  ignition 
aid 

Pressure  pump,  ignition  coil  and 
Ignition  switch 

burner.  Ignition  coil,  and  vibrator 
Vibrator, /burner  and  pressure  pump 

In  the  flame  primer  operation,  the 
ignition  switch  is  operated  simultaneously 
with  what  other  component (a) ? 


•   5-16*  ,  Approximately  30%  to  .3^1  of  the  heat  of 
^  cofsbuiit ion  Bust       raao\%d  prev^t 

dasftage  to  englxl^  parts.    Wl^ich  of  the. 
f  ollpwing  cooling  faadiuaia^  r&aovea  the  / 
greater  portion  of  the  heat  generated  by 
c^abiistlon?  V  * 

1.  Air         .  f  :y 

2.  Water  - 

3.  Oil  / 

4.  Fuel  i 

5-17.  Whela  engine  temperature  exceeds  a  | 
specified  level,  the  viscosity  of  the 
lubricating  oil  will 

1*  increase 
2.  decrease 
3/    remain  unchanged 
4,  oxidize 

5-18.    In  a  diesel  engine,  what  will  happen  to 
.  the  lubricating  oil  if  the  engine  is 
oper^ed  at  too  low  a  temperature? 


.1.  The  oil  will  oxidize 

2.  The  oil  will  break  down 

3.  Acids  and  aludge.vill  form  in  the  oil 

4.  The  viscosity  of  the  oil  will  decrease 


Learning  Objectives    Compare  the 
characteristics  of  open  and  closed 
oiarine  cooling  systems.  Textbopk 
pages  147  to  149. 


5-19.     Most  marine  engine  installations  are 
cooled  directly  by 

1.  saltwater 

2.  freshwater  or  antifreeze 

3.  "air 

4.  oil 

5-20.     The  open  cooling  system  is  subjected  to 
which  of  the  following  conditions? 

» 

1.  Formation  of  scale  in  the  engine 

2.  Marine  growth  in  the  piping 

*     3.     Flue tuat  ing  seawater  temperature 
4.     All  of  the  above 


1.  The  hand  pump 

2.  The  8|art^  switch 

3.  Both  1  and  2 

4.  '  The  choke 


ERIC 


32 


5-21.    TJie  closed  cooling  ^systems  of  autoaab 
"encixMs  and  lasriae  enisines  differ  With 


►bile 


5-27V 


"'engiofiii  and  marine  engit 
resptct  to  their 


1.    niethod  of  circulating  the  coolimf 
^2,    use  p£  freshwater  as  ^  coolant  A  x 
3*    method  uaad  »  carry  aw^y  tha  neat 
4.^  continuous  v^mm  of  the  f raahyatet 


5^.28: 


.Learning  Otj estiva:    Identify  and  ^ 
describe  the  coiaponents  of  a  marine 
engine  cooling  system.  Teictbook 
page^  149  through  168/ 


5-22, 


5-23- 


5-24, 


5-25. 


5-26. 


Which  of  the  following  puaps  are  the 
principal  types  used  in  engine  cooling 
8^  terns?  "  ' 

1.  Centrifugal  and.  gear 

2/  Centrifugal  and  Jet    »  ' 

3.  Centrifugal  and"2-stage  piston 

4.  Centrifugal  and  axial  piston 

In  what  type  of  pump  is  wat«ir  drawn  into 
the  center  of  the  impeller  and  throvm  at 
a  high  velocity  into  the  casing  surround*^' 
iiig  the  impeller? 
*  • 

1.  Gear  pump 

2.  Rotary- type  piaap 

3.  Screw  J?ump^ 

4*     Centrifugal  pump 

In  internal-combustion  engines,  heat 
exchangers  are  used  primarily  fpr 

!•  heating  fluids 

2.  cooling  fluids 

3.  heating  gases 

4.  cooling  gases 


Engine  coolers  may  be  classified  in 
several  ways;  coolers  used  in  cooling 
systems?  of  engines  are  cossnonly  identified 
on  the  basis  of 

1.  relative  direction  of  flow 

2.  the  number  of  passes  ^ 

3.  the  path  of  heat 

4.  construction  features 

In  a  given  engine  installation,  c^^ers 
used  to  cool  lubricating  oil  are  smHLer 
than  those  used  to  cool  wat^r. 


5-29. 


5-30. 


In  the  sheil^and-tube  cooler,  what  iS  the' 
purpose  of  the  floating  tube  sheet? 

r      '  * 

1.  To  prevent  leakage  of  the  ti^  bimdles^ 

2.  For  easy  removal -of  the  tub¥  bundles 

3.  *  To  allow  for  ex5>#n8ion  of  the  tube' 

bundle   -  '  ■     .    ;     /  '    ' .  ^ 

4.  To  ensure  ffiax'^»i*«  cooling  effect 

In  a  shell-and-tube  Cooler,  %Ay  are 
transverse  baffles  arranged  around  the 
tube  bundle? 


5-31, 


5-32. 


cooling  effect  and  to 
tube  bank  ^ 
port 


pressure t  increase 
support  the  tw«  hank 
pressure*  decrease 
support  the  tvAe  b'ank 


1.  For  maximna 
support  the 

2,  To  decrease  pres8U5^.and  suppoift  the 
tube  bank 

3«    To  decrease 

;voluae^  and 
4,    To  increase 

volus&eV  and 


One  important  advantage  of  the  strut-tube 
cooler  over  the  shell-^d-tube  cooler  is. 
that  the  strut-- tui>e  cooler 


2. 


4. 


takes  iaaa^urrent  to  operate  than 
the  snell-and-tube  cooler 
withstands  a  higher  degree  of  scaling 
and  larger  foreign  particles  without 
clogging  than  does  the  shell-- and- tube 
cooler 

is  more  compact  than  the  shell-and- 
tube  cooler  . 
is  more  durable  than  the 
shell-and-tube  cooler 


What  type  of  cooler  is  used  only  for 
cooling  oil? 

1.  Shell-and-tube 

2.  Strut-tube  / 

3.  Plate-tube 

4.  Coil-tube 

In  ^  plate-tube  cooler,  the  eroding 
liquid  flows  through  the  tubes. 

Which  of  the  following  coolers  is  used 
to  cool  air  between  the  turbocharger  and 
intake  manifold? 

1.  Intercooler 

2.  Af tercooler 

3.  Oil  cooler 

4.  Water  cooler 
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^5-33. 


Tfa«  cc3ol«nt  In  th«  cooling  ayatea  of  « 
GH  16-?7SA  angina  flowf  fro*  th#  cylinder, 
haad  p^aaagaa  to  tha  \ 


5-35. 


5-36. 


5-37. 


1. 


3. 
4* 


cylijndar  linar  paasagaa  ■ 
4UKfaau#t  mlbom  asul  mnif olU  wtar 
Jackata  v-^ 
freahiratar  coolar  . 
f  riuRfavatar  maxiifol^^   -  ' 

3-34.    In  a  38D8  l/t  aaglna^  Itha  laat  paaaaga  in 
the  engine  through  which  water  flows 
^afoira  it  goes  through  the  cooler  ia  tha 

1.  linar  paaaagea 

2.  head  paasage    ^  ^  \ 
%       3.    axhauat  albovs 

4«    water  header  '  ■ 


r 


5-39,    High  water  ^velocity  ia  ua4«»iridil«  in  4i  / 
cooling  ayatam  because 

;  ..  ,  •  .  •  •  . 

1..  it  cauaea  hot  spots 

2.  it  cauaea  acaia         /  ^ 

3*  it  cauajsa  beat  to  be  carried  way 

/  too  alowiy"  '   '  ^  ' 

4.^  it  caua.as  scouring  of  »et*l  a^rfacaa 


5-40. 


5-38, 


What  .cossponant  of  an  etigine  ^poli^ 
ayatea  stores  water  for  re-entry  llnto  the 
systas  whan  the  water  ^supply  dacrfaaea^ 
on  aco4^t  of  leakage? 

1.    Freahwater  piaap 

2^  Expansion  tank  s. 
3J\  £9d)aiiSt-iaenifold 
4.1  Engine  jacket 


5-41. 


VHiJch  of  the  following  id /are  a 
funSctionCs)  of  the  e3q?an5lon  fank? 

1«    To  pressurize  the  systea 

2.  To  vent  the  system,  to  the  atmosplfSre 

3.  To  condense  steaisx  that  forms  in  the 
system 

4.  .  To  do  both  2  and  3  above 

Which  of  the  following  devices  prevents 
the  entrance  of  8e"^weed  and  other  debris 
into  the  seawater  circuit? 

1,  Scoops 
2/  Filters 

3.  Strainers 

4.  Bypass  basket 

Which  of  the  following  is  one  of  the 
principal  factors  affecting  the  proper 
cooling  o^  an  engine? 


5-42 


5-43. 


5-44. 


3. 

4. 


Type  of 
Type  of 
fluid 
RAte  of 
Ambient 


cooling  fluid  used 

pump  circulating  the  cooling 

flow  of  the  copling  fluid 
temperature 


Aa*  the  velocity  of  the  circulatiiig  fljLdd 
ia  reduced >  tHe.  tefl^>eiratura  of  tha 
cooling  fluid  will 


1. 
2. 
3. 

4. 


increase  ' 
decreaa^  ■    /     '  '  ' 
be  unch^mged  '  ^ 

increase  or  decrease  depending  on 
engine  load 


Eav  is  the  teiaperature  of  engine  cooling 
water  controlled? 


3. 
4. 


By  regulating  tha  aaount  of  water 

diacharged  iuto  the.  angina 

By  regulating  amount  of  water  which" 

passes  through  the  freahwater  cooler 

By  both'  1  and  2  above 

All  'codling  water  tefltperature  la 

controlled  ^th  a.  thermostat 


ottling  valves  are  uaed  only  to 
provide  a  'constant  flow  of  seawater  or  to 
close  the  circuit  c<^letely  when  the 
freshwater  circuit  incorporates  a 
therxiostat . 

Which  of  the  following  types  of 
thermostatic  valves  are  used  in  the 
cooling  systems  of  modem  maritie  engines? 


1*    Maniial  and  throttling 
2*     Conventional  and  three*-way 
proportioning 

3,  Throttling  and  pump  cfischarge 

4.  Manual  and  two-way  proper tionii:;g 


In  the  cooling,  system  of  a  dieeel  engine, 
what  causes  tW  conventional-type 
thermostatic  valve  to  open? 


in  the  circulating 


1.  A  decreatte 
freshwater  temperature 

2.  An  increase  in  the  circulating 
freshwater  temperature 

3.  An  increase  in  the  fuel  oil  tempera- 
ture 

4.  A  decrease ^In  the  fuel  oil  temperature 
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5^45. 


>46. 


5-47, 


5-48, 


In  the  freabwater  sy«tea  of  an  «ngln«p 
bow  does  the  autoaatic  ragulatiag  vaXve 
maiatain  the  f  raahifatcr  te»p«tature  at 
any  ♦deaircd  value?         ,  "      -  *  ^ 

1.  By  tiypaaiing  a  fkirtion- of  the  water 
around  the  lube  oil  cooler 

2.  By  bypassing;  a- portion  of  the  water 
^       around  th^  saltwater  copier 

3.  By  bypaaalxvg  a  portion  of  the  water 
around  the  f f eahwat^r  cooler 

4.  By  bypassing  a  portion  of  the  oil* 
around  the  saltwater  cooler 

In  the  tesqparature-control  elewnt  of  an^ 
automatic -regulating  valve,  the  vapor 
pressure  is  balanced  by  the 

1.  sealed  bellows  and  cap 

2.  ether  and  aldohol  mixture 

3.  shims  attached  to  the  valve  stem 
4^    coil  spring 

The  bulbs  which  cstjse  cooling  water 
regulators  to  operate  are  always  located 
in  the  saltwater  discharge  line  of  the 
engine. 

In  an  installation  where  seaWater  controls 
the  lubricating  oil  temperature,  how  . 
many  temperature  regulators  are  there, 
and  in  what  system  or  systems  are  they 
installed? 


5-50. 


5-51. 


5-52. 


5-53. 


1, 


3.- 
4. 


Three;  two  In^the  seawater  circuit 
and  one  in  the  freshwater  circuit 
Two;  one  each  in  the  fresh-  and 
seawater  circuits 
Two";  both  in  the  seawater  circuit 
Two;  one  in  the  lubricating  oil 
system  and  one  in  the  seawater 
circuit 


In^a  x^osad  ccK^ling  ays  tea  of  a  aarina 
engine,  the  gradi^al  iocremse  of  t««H>«rji-. 
.ture  of -the:  lubricating  oil  ai^J  the^  . 
freshwater  say  ba^an  indication  \of 

1.  exc«*sive  praasure  in  tm  systM 

2.  too  small  a  cooler  for  ttoe 
installatit)n  / 

3.  scale  buildup  on  the  »oler  tube* 

4.  a  ruptured  tulJ^>irttWfc  tt^  cooler 

With  an  enginfe  operati*  under  norasl 
load  the  seawater  dischargEe  t«siperature  » 
should  be  ^intained .  balotf  ^  maximum  of 

1.  130*F  ^ 

2.  140*F 

3.  15D*F  * 

4.  160*F        w  i 

Turning  down  the  grease  cups  too  often 
on  a  seawater  pump  may  finally  result  In 
the  accumulation  of  grease  on  the  cooler 
element ,  thus  reducing  its  cooling 
capacity. 


Learning  Objective:    Explain  and  ^ 
describe  key  points  and  considers^ 
tions  in  operating  and  maintaining 
cooling  systems.    Textbpok  pages. 
168  througtt  176.  ' 

^         '  ■  ^'   ||>^  T 

5-49>     Lubricating  oil  and  freshwater  poolers' 
should  be  inspected  periodically  every 


>55 


What  is  ordinarily  used  to  clean  the 
saltwater  side  of  a  shell-and-tube  oil 
co|(ler? 

1.  Boiler  compound 

2.  Acid  solution 

3.  Scrapers  and  wire  brushes 
4*    Water  and  air  lances 

What  should  you  use  to  clean  the  oil^ 
side  of  a  strut- tube  type  cooler? 

1.  Scrapers 

2.  Cheniicals 

3.  Hot  water  lances 

4.  Jets  of  steam 

ich  of  the  following  conditions  will 
indicate  a  leak  in  the  tubes  qf  an  oil 

cooler?  ■ 

1.  Water  in  the  lube  oil 

2.  Oil  slicks  in  the  cooling  water 

3.  An  apparent  increase  in  the  amount 
of  lube  oil  in  the  engine  sutnp 

4.  All  of  the  above  ■ 


1. 
2. 
3. 
4. 


10- 
15 
.20 
30 


20  days 
4ft  days 
55  days 
60  days 
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5-57. 


Vhicb  -of Uhft  •  folloviug  ccxiditlcm*  will 
mdst  llktly.  occur  if  a  ;|cooi«r  Ui  opiir&tcd 
«bqvit  thit  imxlaufli  premifurc  ixuiicmt:a4  on 


1.  ' Scaling 
2»  ComCQiioa 

4*  Bubbl«i 


Which  of  tha  following  practicu  h«l{Ni 
pravant  thft  formatloa  of  acala  within 
Cha  cQoliag  'tyacaa?  '  '    '  'J^ 


5-60.    ilhlch  taac  «Mpla  in  figura  5A  Mac*  gU 
ti^  apaeifiad  liaiti  ior'  traata4  ifatar 
:lntandi|4  for  uaa  in  an  axxgina  cooling 
ay«tim?  . 

1.  K  <   .     '  . 

2.  B  .       /  •  ■  ■  ■ 
'.■/ '  :  3.    C  - 

- :    4.  'D  ■-■        _  ■■•„ 

*    /       . .  ■ .  •    ■  ■  ' 

^    SodluB  dichrooat*  <nd  boiltr  coafwund  ' 

I        trMtsAot  i4i^  no  loogfts  «UthQrix«d  lor 

Navy  ua«.  , ' 


5-58. 


5-59. 


V 


1«    Uaing  diatillad  vatar  in  tha  cooling 
•yataai 

2.    Using  vatar  with  saro  hardnasa 

3*    Maintaining  tha  chlorida  concantra- 

tion  within  apaeifiad  liftita 
4*    Any  of  cha  abova  J 


5-61. 


In  \ba  cldaad  cooling  ayatap  of  an  angina^ 
which  of  tha  fallowing  conditions  or 
ala«anta  forsa  acala  on  tha  hot  surfacaa? 

1.  Sodiiffi  chroaata  ^ 

2.  Hot  spots 

'3.    Magnasiim  and  calcitia^  ^ 
4.  Chlorida 

A  p&  valua  of  ^  danotaa  a  solution  that 
ia  > 

1.  slightly  alkalina  ' 

2.  slightly  acid 

3*    c^plataly  pautral 

4.    soaatlsas  aciii  and  sotBatlaaa  \ 
alkalina  *  ^ 


5-62- 


5-63. 


Saopla 


A 

5 

C 
D 


pH  Valua 


8 

9.5 

10 


Concfntration 


Cbromate  Chlorida 


800  PP& 
/800  ppa 
1800  ppia 
1500  ppa 


110  ppm 
80  ppm 
90  ppm 
50  ppm 


Figure  5A.'Te8t  results  of  f our  ^^Mnples 
of  treated  water. 


In  conducting  coloriaulttlc  tMti  for  * 
alkalinity  and  cbr<»iata  concentration  of 
water  in  angina  cooling  ayatstts»  which 
aourca  of  artificial  light  is  racoananiiad? 

^     .  ■ 

1.  Aix:  laa^ 

2.  Flashlight 

3.  Ineandascsnt  laiq;} 

4.  Daylight  fluorasc*nt  laap 

A  teat  sas^lg  of  angina  -cooling  water 
that  appaars  yellower  than  tha  color  disk 
standarda  for  ^kalinlty  as  wall  as  those 
for  chroASte  concentration  has  a 


1.  low  pH  valua  and  a  high  chrcMta 
concentration 

2.  low  pH  value  end  a  low  chrooata 
concentration  ^ 

3.  high  pH  value  and  a  low  chromat4 
concentration 

4.  high  pH  value  and  a,<bigh  chromste 
concentration  ^ 


You  are  testisig  tha  chloride  concentration 
in  angina  cooling  water »  starting  with  a 
test  aaa^^la  that  has  the  charactariatic 
yellow  color  of  chromate*    After  one  * 
chloride  test  tahlct  is  dissolved 
completely  In  the  sample »  what  will  be 
the  color  of  the  sasple  if  its  chlorxtla 
content  is  below  100  ppm? 

1.  Yellow 

2 .  Bluish-green 

3 .  'JUddieh-brown  > 

4 .  Yellowish-green 
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5-*64.  -Whil*  crMtiag  •n»ln«  cooling  w*t«r  you  5-65.    Wut  i«  ia»t«n*«l  th»  pot«il« 

^  «cci<J«nt«lly  •pill  »cm*  •odiu»  cl>roMt«  £rMla»At«r  supply  «ad  till  coonaction 

ott  your  iuuxdi.    Wjat  ahould  you  .do  f ir«tt  '     to .pr»v«nt  contm«in*tioa? 

,  1.    I^rt«  your  band,  ia  oil                  ^  1.    Oif  ck  v»lv«       .     ^  ^ 

2.  W*«h  yous  h«nd«  wi*  pl«nty  ef  toap'  2.    Glob*  valv« 
'and  wAtar  ^            V            '  ^    3.    Air  gap 

3.  Apply  a  light  coating  of  vaaalina  to  4.    Gata  valva 
yoMS  hands 

4.  laMraa  your  hahfii  la  a  solution  of  . 

aOdlua  bicarbonate  and  vatax  '  ■  « 
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Assignment  6 


.     Engine  Lubrlcatip^  Oil  System 

Tiuctbook  Assignxnent:    Fageg  177  through  204 


^Lemming  Objective:  Point  out  three 
functions  of  lubricating  oil«  Textr 
book  puigea  177  and  173. 


6-1*    For  efficient  engine  operation,  how 

Bhould  the  lubricant  be  supplied  to  the 
engine  parts?  V/^ 

!•  At  high  pressure  * 

2-  At  mipimal  pressure 

3.  At  flashpoint 

4*  At  proper  teioperatyre* 

6-2^    In  the  contacting  sur']faces  of  moving 
engine  parts ^  which  of  the  following 
'  materials  will  reduce  friction? 

1.  Water  . 

2.  Coiapressed  air 

3.  ClW  film  of  oil  $ 

4.  Each  of  ^the  above 

6-3,     If  the  engine  temperature  exceeds  the 

maximum  limit  during  operation ^  the  proper 
lubricant  will  prevent  damage. 

6-4*    The  lube  oil  used  in  an  engine  must 

perform  what  function (s)?  ^ 

1.  Form  a  seal  between  the  piston  rings 
and  cylinder  wall 

2.  Aid  In  heat  transfer 

3.  Clean  the  engine 

4.  All  of  the  above 


6-5. 


Which  of  the  following  engine  problems 
will  most  likely  be  caused  by  an 
insufficient  oil  film  between  the 
connecting  rod  bearings  and  the  crank 
journals? 

1,  Seized  piston 

2,  Wiped  bearings 

3.  Both  1  and  2  above 

4.  Cracked  cylinder 


6-6.    The  stability  of  an  oil  describes  the 
ability  of  the  oil  to  resist 

1.  oxidation  a£id  deterioration 

2.  viscosity  change 

3.  emilsif  ication 

4f     flashpoint  change  '  ' 

6-^7«    Sludge  in  the  lub'f icating  oil  of  an" 
engine  can  cause  engine  breakdown. 


Learning  Objective:    Point  out 
characteristics  and  tests^  of 
oil  used  by  the  NAvy.  Text- 
book pages  178  through  184. 


6-8.    To  select  the  proper  lube  oil  for  use  in 
an  engine,-  you  must  know^the  viscosity  at 

1.  122**?        .  .  • 

2.  140'*F  ; 

3.  200**F        »  / 

4.  operating  temperature 

6-9.     To  determine  the  viscosity  of  a  fuel 
Qil,  wh^t  instrument  should  you  use? 

1.  Saybolt  Universal  viscosimeter 

2.  Vis gage 

3.  Saybolt^  Furol  viscosimeter 

4.  Trial  tube' 

6-10,     What  is  the  standard  temperature  used 
for  testing  a  lubricating  oil  for 
viscosity?  *  ^ 

1.  122^F 

2.  130''? 

3.  210^F 

4*^  Either  2  or  3  above  depending  on  the 
class  of  oil 
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Am  a  lube  oil  i«  nismd  'ia  4  running  ^ 
engin*,  wbich,  if  »ny,  of  th*  following 
ef fleets  on  viscosity  should  you  expect? 

.  li'       i*.    A  chmng^  to  s  higher  reading  as  , 
' tsaperature^  incrssfi^es 
d       '2*    A  change  to  a  lower  reading  as 

teaperature  ' decreas^as  ^ 
3.    A  change  to  a  lover'  readlixg  dve  to 

fuel  dilution 
4»    There  is  no  effect 

6-l?^Wiat  is  the  purpose  of  a  visgage? 

!•    To  determine  dilution  of  lube  bil 
;         2.  .  To  determine  operating  tessperature 
;    j*     •  \riscosity 
•  I  • '  ,  3/  To  determine  the  viscosity  of  new 
I  li^e  oil 

'       .  47    To  determine  the  viscosity  of  fuel 


6- 13* 


6-15. 


6-16- 


5^17. 

i  ! 


FRIC 


Where  is  the  sample  oil  placed  in  a 
visgage?  \ 

1.  Primary  tube 

2.  Secondary  tube 
3»  Master  tube 
4.  Trial  tube 


The  reading  on  a  visgage  will  be  in  SSC 
at  what  temperature? 


6-18/  In  an  oparatlng  angina,  how  often  rtould 

you  tasf  the  luba  oU  for  fuel  dilution!^ 

1.  /Every    4  hours  ^     >  \. 

*2.  |gvery-I12  hours  ' 

3.  ^yery  24  "hours  . 

4.  Every  72  hours        .  . 

;    #  ^ 

6-19  •    To'^onvert  viscosities  between  50  and 
-  *  100  SSF  po  SstI,  «rhat  nui^er  V^^  . 

auitipiy  by?  "  ^ 

*  1-    '5       ^  ^    -   *    •  ■  : 

'     'S-    10         ^  * 

3.  -15 

4.  20 

^     In  itfisvering  Items  6-20  through  6-^2, 
select  the  correct  answer  from  the . 
following  four  altemafives: 

1;    The  teapsprature  at  which  flamsble 
vapors  will  bum  without  application 
'  of  a  spark  or  flame 

The  temperature  at  iifhj.ch  tthe  heat  of 
compression  will  ignite  the  vapor 
The  lowest  temperature  at  Vhich 
vapors  will  fdash  into*  flame  when 
contacted  with  a  f laise 
4,    The  lowest  temperature  at  which 

vapors  will  continue  to  hurt  wh^  ^ 
ignited 


1. 

3, 
4. 


lOO'F 
X22*F 
130*^? 
210*F 


The  txo  balls  in  a  visgage,  movii^  at  the 
same  speed,  indicate ^that  the 

1.  "    sample  oil  is  a  higher  viscosity 

2.  standard  oil  is  not  correct  for  the 
sample  oil 

3.  sample  oi^  is  a  lower  viscosity 

4.  viscosity  of  the  saoqjle  is  the  same« 
as  the  standard  ' 

lube  oil  in  an  engine  should  be  changed 
whenever  dilution  has  reached 


1- 
2, 
3. 
4., 


2% 
5X 
7% 
IQZ 


If  the  viscosity  of  a  new  oil  is  460 
' Saybolt  Universal  seconds  at  lOO^F  and 
the  old  oil  is  320^F,  WtTa^is  the 
percentage  of  dilution? 

1.  62  •  ■ 

2.  5Z  ■ 

3.  3% 

4.  4% 


6-20. 

6-21. 
6-22. 


What  is  the  flashpoint  of  an  oil? 

What  is  the*  fire  point  of  in  oil? 

V?hat  is  the  autogenous  ignition  point  of 
an  oil?  ^  ' 


6-23,     The  ability  of  an^  oil  to  pfeyenfc  Che 
accumulation  of  carbon  deposits  in  an 
engine  is  known  as 

1.  durability  ^ 

2,.  detergency 

3.  carbon  content 

4,  carbon  residue 


6-24. 

m 


Why  is  oxidation  of  lubricating^oil 
detrimental  to  engine  operation? 


1, 
2. 

4. 


Rust  will  form  on  the  cylinder  walls 
Sludge  will  accumulate  in  oil 
pasaagcid 

Acid  is  produced,  which  will 
deteriorate  engine  parts 
Potassium  hyd^-oxlde  is  formed  which 
will  deteriorate  engine  parts 
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6-25. 


6-26. 


Whan  Mining  a  c^trlfuge  to  t«t  j&il, 
vfaich  of  tb«  follioiriiig  teata  *re  you 

*    ■      • . 

1*    Neutralization  nuaiber 
2* .  Precipit&tioa'  nuaafaer 
3. ;  Carboa  residue  ' 
A.    Specific  gravity  ^ 

■         ,  •         '.  ..s 

When  testing  tha  apeclfic  gravity  of 
oil,  vhich  of  the  folloijing  conditions 
— It  you-  Met? 


Stir  the  oil  to  rejaove  air 
Claan  the  instrnmant 
Have  the  Oil  ^t  room  teap.erature 
Each  of  the  above ' 


6-3i, 


Learning  Objective:    Identify  the 
points  that'  oust  ba  Considered  when 
selecting  oil  for  a  (Specific 
purpose.    Textbook  pages  184  and 
^85.     ^  .  ^  \ 


6-32. 


Uhan  angina  lube  pil  appears  cloudy , 
wh^t  is  tl^  aost  likely  cause?  • 

1«  Nortaal  usage  ^ 

2.  Water  contamifiation  | 

3.  *Fuel  dilution  ^ 

4.  Excessive  t^^»£ures 

When  the.  lubricating  oil  of  a  dlasal 
engine  turns  dark  in  color  after  a  f ev 
hours  of  tisai  vhat  is  indi£<^ated? 

1.  Ae>941  should  be  purif  ied 

2.  The  iu&Wcating  quality  of  the  oil 
has  deteriori^ted 

3.  The  oil  is  functioning  noraielly 

4.  Noraal  ^operating  temperature  has 
been  exceeded 


Learning.  Objective:'  Po:^  out 
principles  of  oil  purif  Icatidn 
and  separation.  ^  Textbook  pages 
186  through  193/ 


6-27. 


6-28. 


6-29. 


To  select  the  proper  lubricant  for  a 
specific  equipment,  which  of  the 
following  publications  should  you  nse? 

1.  '  NAVSHIPS'  Technical"  Manual 
-2.    NAVSUJP  Manual 
3.    JiAVKAT  >$anuai\ 
4«    Hanufaeturer's  technical  manual. 

\' 

The  Navy  syTahol"  assigned  to  an  additive 
type  of-iieavy  dut^  oil  is  of  what  series? 


e--33. 


6-34. 


1, 
2, 
3. 

4. 


1000 
•2000 
7000 
9000 


One  purpose 'of  an  additiv^  to  mineral 
oil  is  to 


1.     inft^it  oxidation 
3dd  nutrients 

3.  add  carbon 

4.  inhibit  precipitation 


In  a  dieitel  engii^e,  which  of  the 
following  fluids  will  cause  corrosion  of 
alloy  bearings? 

1,  Sy^S&ol  9110  lube  oil 

2,  SyTsbol  9250  lube  oil 

3,  Both -a  and>'2  above 

4-     Partially  burned  fuel 


6-35. 


6-36- 


\ 
6-3>. 


^Ich  of  the  following  »are.  oil 
contaminants? 

1\    Intake  air 

2.  Engine  exhausts  ^ 

3.  Water 

4.  Each  of  the  above 

To  imcreage  the  efficiency  and  decrease^ 
the  tiae  required  for  settling  in  a 
settling  tank,  what  irdone  to  the  lube 
oil?  ^  ' 

1.     It  is  heated 

2^  ,  It  is  agitated 

3.     It  is  circulated 

4«     It  is  cooled 

To  conduct  the  batch  process  of 
purification,  oil  is  taken  from  the  sump 
o^  a  runninjj  engine,  through  the  purifier 
and  returned  to  the  sump\ 

• 

What  principle  is  used-^o  purify  oil  in 
a.  purifier? 
1 

1.  Centrifugal  force 

2.  Spec^ic  gravify 

3.  Differential  pressure 

4.  Differential  temperature 

\  - 

Fuel  oil  can  be  removed  from  lube  oil  by  * 
the  lube  oil  purifier. 
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6^38. 


6-40. 


6-41. 


When  a.purtfier  is  u«ed^tQ  remove  water  ^ 
fro»  fuel  oil,  it  i«  called  a 


1.  centrifuge 

2.  deraulsifier 

3.  clarlf ier 
,4.  separator 


6-39.    Wl^n  ft  purifi^er  is  usad  to  rcyaove 

scdisae&t  frba  a  lube  oil,  i-t  is  called  a 


1,  centrifuge 

2,  demulsifier 

3,  clarifier  . 

4,  separator 

In' figure  9-7  of  the  textbook,  .  dirty  oil 
flows  from  the  botOoa  of  the  regulat^^nfe 
tube,  through  a  tubular  shaft  itxto  a 

1,  bowl  shell 

2,  stack  of  disks     ^  # 

3.  cejitrifugal  ti^be  , 

4.  d^^charge  ring 

What  happens  during  the  purification 
process  when  a  disk-type  purifier  is 
used?^         .  ' 

.  1,     Clean  oil  %B  discharged  th^ou^  the 
discharge  ring;  water  mixed  with 
sludge  a^d  dirt  flows  upward  and  is  , 
discharged  .from  the  neck  of  the  top 
disk;  most  of  the  dirt  and  sludge 
codlects/on  the  vertical  surface  of 
*  the  bowl  shell 

2.  Clean  oil  is  discharged  through  the 

^         discharge  ring;  water  and  mo^t  dirt  - 
and  sludge  is . discharged  through  the 
drains;  some  dirt  collects  on  the 
vertical  sji^rface  of  the  bowl 

3.  Clean  oilJTloys  inward  and  upward 
through  the  disk  and  is  discharged 
through  the  neck  of  the  top /disk; 

J        water  inixed  with  dirt  and  sludge 
passes  through  the  discharge  ring; 
most  of  4:he  dirt  and  sludge  is 
collected  on  the  vertical  walls  .of ^ 
the  bowl  shell' 

4.  Clfan  oil  flows  inward  and  upward 
and  is  discharged  through  the  top 
disk;  water,  dirt,  and  sludge,  i« 
dis^^iarged  through  the  drains 

What  -is  t*he  function  of  t^e  three-wing 
device  in  the  tubular-type  centrifugal 
purifier? 


,'6-43.    Oil  purifiers  ate  designed  .to  give 

,    ^  ii^ixi»im  efficienqy  when  the  purifier  i« 
operating  at  ^  p 


1.  minimum  speed  ,  ' 

2.  a  spe»i  determineft  by  prevailing 
conditions  ' 

3.  a  sp^^  between  minimum  aj:xd^jj||iaua, 
and  at  the  rated  capacity 

4»    TBBxty*^^  designed  speed  and  cated 
*^  capacity    -  ^ 

When  must  the  bowl  of  ^  purifier  be 
primed  with  freshwater?  '  r 


6-44. 


) 


1.  When  operated  as 

2.  "When  opeMtedT  as 

3.  When  operate^  as 

4.  When  operated  as 


separator 
clarifier 
centrifuge 
dafflulsifier 


6-42- 


1. 
2, 

3- 

4- 


To.  maintain  a  constant  oil  pressure" 
To  cause  the  liquid  to  rotate  at 

3wl  speed 
To  restrain  mpvemenf^'of  the  bottom 
of  the  bowl  y 
To  accelerate  emulsiHcation 


6-45,    Most  oils^  used  by  the  Navy  can  be, heated 
to  wh'at  t  '  '  ' 

the  oils' 


to  wh'at  temperature  withouj  dMaging 

3?  '      -  , 


3, 


195*P 

a90*'F 
ISS^'F 
ISO^'F 


6-^46. 


Wh^  Btilitary MSyiabol  9250  lube  oil  ia 
r6  be  purified,  it  should  be  heated  to 


1.,  .140»F 

2.  160 °F 

3.  175''F 
A.  •  180"? 


6-4^. 


/The  size' of  the  discharge  , ring  used  in  a 
purifier  is  determined  by  the 


viscosi 


the  oil 


iltrxy:^ 
moisture  cdWent  of 


tliB  oil 


6-48. 


3.  sediment  ot>rkent  of  the ^  oil 

4.  specific  gravity  of  the  oil 

Wliat  is  the  be^t  methdfi'  of  tJe^teAiniilg 
the"*efficiency  of  a  purifier? 


1. 

3. 

4. 


Check  oil  for  clarity 

Oil  analysis      \  ^  ' 

Batch  process 

Amount  of  sedisient  found  in  the  bowl 


\ 
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ty¥«  of il^oil  pr€«sur«  syatM  uii«d 


6«*49.  .  LubrlcAtioa  of  »od«rtt  ioit^tMl- 

•  CMbustioQ  «aiixics  ±m,  mccc^llshftd  by 
«rh«t  Mtbod? 

1.  Pr«««ur« 

2.  SplMh 

3.  I>rip 

4.  Wick .  " 


LMTOlfig  Objactiv*  I  .  Point  out 
tht^^¥tftC|ctlon«'of  th«  varioiui  parts 


'6-51. 


6-52. 


6^$3«    KtMim  you  mr«  prinln^  th«  lubn  oil  «yitw 
of  «  diM«I  jmj|i2i^».i^nL  you 
■  -  «top7  •     ,        V  ■ 


1.  Whim  tba  lub«  oil  gage  r«gist«r«  a 
iligbt  prciaaurci 

2,  Mian  thft  l\ib«  oil  gM*  ixiiticatM 
.  10  p»ig 

'  3«    Whan  tht  te^>er«tur«  of  tha  oil      ^  ; 

ri»o  ilightly 
4«    Whea  tbt  ti^armtura  of.  tba  oil 

-  • 

Which  of  tlto  folloiirixig  ctat«Mmts 
da«crib«  f ilt«r»? 


6-^54. 


o£  a  lu^ica ting  ays tas. 
pagsa  193  through  200. 


Taactbook 


6-55, 


Which  of  ths  folloving  lubricating 
sygtaSi  aeronaut  a  is  considered  as 
internal  to  tha  -engine? 

1.  Su»p . 

2.  JPiping 

3.  ^Cooler 

4.  , Filter 

On  a  diesel  engine,  what  controls  the 
discharge  rats  of  the  popitive^ 
displaceaeut »  rotsry-gear  ^  type  lube 
oil  puiap? 


1.  A  pressure  regulating  valve 

2.  A  pressure  relief  valve  ^ 

3.  The  engine  speed 

4.  An  orifice 

In  a  diesel  euginey  what  hazardCs)  can 
be  caused  by  overpriminp  the  lube  oil 
system? 

1.  Lube  oil  leaks  at  the  seals 

2.  Fouling  of  injectors 

3.  Foaming  of  the. oil 

*4.    Overspeeding  upon  starting 


1*  ^  They  ari  vira  ttash  devices 
2«    They  resove  longer  particles 
than  atrainera  ^ 

3.  There  are  two  on  every  diesel  lube 
'    oil  systw  .  * 

4.  They  are  replaceable 

Which  of  the  following  statwents 
daacribea  atrainars?. 


1.  ^^l  strainers  are  of  the  duplet 

2.  All  approved  lubricating  oil. 

,  strsiners  have  #  built-«in 'pressure  rS7 

relief  valve 
3«    All  strainers  certain  an  absorbent 

cartridge 
4.    All  lube  oil  atrainere  can  be 

cleaned  during  normal  engine 

operation 

6-56.    In  figure  9-10  of  the  textbook »  where 
is  the. control  valve  handle  located? 

1.  Upper  left 

*2-  Upper  right 

3.  Lover  left 
4-  Lowfer  right 

6-57-    When  the  control  valve  is  in  the  bypass 
position^  where  does  the  oil  flow? 


1.  Through  the  filter  to  the  engine 

2.  Through  the  head  to  the  engine 

3.  Through  the  filter  to  the  sump- 

4.  Through  the  filter  to  the  pump 
suction 


6-58,  When  the  relief  valve  on  the  edge-disk 
type  oil  strainer  operates,  where  does 
the  oil  flov? 


1.  I^ovn  through  the  cepter  and  out 

2.  Down  around  tUe  filter  and  out 

3.  Up  around  the  filter  and  out 

4.  Up  through  the  center  and  out 
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6- 59./    Xtv  figure  9-11  of  the 'textbook,  what  is 
^  7    the  designetion  of  the  dejrice^  you  turn 
to  clean  the  strainer?  V,  . 

1,  Conttol  handle 

2.  Wiag  handle 

3t    Relief  valve  ,  '  ^ 

4»    Cleaner  blades  <r. 


6-60. 


6-61. 


6-62. 


In  Navy  filters,  which  of  the  foHowing 
absorbent  materials  is  NOT  approved  for 
filters? 


6--64. 


1. 

3. 
4. 


Cellulose 
Cott^nwtate 
Activated  charcoal 
Paper  , disks 


V,. 


How  many  types  of  filtering  systejss  »*.^ 
approved  for  u#e  with  Navy  diesel  engines? 

1.  One 

2.  Two 

3,  Three 

4,  Four 

In  a  shunt-type  filtering  system^  whit* 

is  the  correct  flow  path  of  the  oil? 

1.  Strainer,  filter,  cooler,  engine 

2.  Filter,  cooler,  *8traiS^  engine 

3.  .Cooler,  strainer,  filter,  engine 
4^  Engine,  strainer,  cooler,  filter 

6-63f\  In  figure  9-17  of  the  textbook,  which 
'  '     valve  controls  the  bypass  for  the  filter? 


6*65. 


are 


6-66. 


Learning  Objective:    Point  out  the 
purpose  of  scavengiiig  piwap*  and 
lube  oil  ventd  on  dfeael  exxginea.  - 
Textbook  pages  200  through  204. 


On  a  dry-su»p  type  lube  oil  system^  what 
is  the  purpose  of  the  scavenging' puap? 

1,  To  supply  oil  to  the  engine 

2,  To  keep  the  oil  p«i  nearly  dry 

3.  To  supply  oil  to  the  valve  train 

4.  To  circulate  oil  through  the  cooler 

In  a  lubricating  oil^ystetB,  why  are  the 
internal  cavities  and  related  spaces 
vented  through  the  engine  intake  air 
eiystexa?  % 


1. 


3. 
4- 


To  prevent  combustible  gaa.from 

accumulating  in  the  crankcase 

To  prevent  creating  a  fire  hazard 

with  fiipes  in  the  cdaipartment 

For  the  Aasons  in  botli  1  and  2*  above 

To  reduce  the  possibility  of  sparks' 

in  the  crankcase 


Dilution  of  the  lube  oil  with  diesel  fuel 
is  the  cause  of. all  crankcase  explosions* 


1.  Control  valve 

2.  Bypass  valve^  - 

3.  Relief  valve 

4.  Pressure  regulator  valve 
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Assignm4int  7 


rvml  and  faml  Svatli 
T«xtl»ok  k^ipmta^i'  F««m  205  through  239 


) 


r«quirMttitf  of  f u«'l  oil ,  explain 
hov  Ignition  quAlity  is  dmtmfidinmd^ 
moA  ft^Iain  boir  turbulimeii  U  xsscd 
ia  a  diMttl  iiogint.  Xextl»ook 
p«IMa'205  through  212.  , 


7-1,    What  is  ths  priMry  rssponsit^ility  of  an 
<lSngiiiMtn  ia  dsaliog  with  £u«li? 

U    Tssting  fusls  for  Ssvy  •kglnss 

2,  Using  and  bsndliag  fusls  corrsctly 

3,  Storing  fusls  propsrly  sbosrd  sbip  . 

4,  Sslncting  sppropriats  fusis  for  Ksvy 
sagines 


7-2. 


7-3. 


Why  is  s  richsr  fusl-*mir  mixturs  rsqulrsd 
in  starting  a  cold  gssolina'sngins  thsn 
in  operating  ths  angina  aftsr  it  ig  vsm? 


1. 

2. 

3, 
'4. 


To  Isssan  ths  chsncs  of  vspor  lock 

To  inprova^tha  volatility  of  ths  . 

gasolins  in  the  fuai-«lr  aixturs 

To  ansurs  that  s  highly  vaporised  fuel 

nixture  enters  the  cylinders 

To  coi^iensste  for  gasoline  condensing 

in  ths'  msnif  old 


Ths  octans  value  of  s  gasoline  is  the 
iieesurs  of  the 

1.  potsntial  ensrgy  of  the  gasoline 

2.  vspor i^tion  tsa^jsraturs  of  the 
gasoline 

3.  sntiknock  characteristic^  of  the 
gasolins 

4.  starting  qualitiss  of  the  gasoline 


7-^,    Asfups  that  Havy  all^purpoaa  gasoUna  ia 
the  cmly  fuel  available  for  an  angisia 
nhtch  ia  daalgniNl  to  i^reta  with 
80  to  S7--octaae  gasoline  hut  i*dlch  ia 
twiad  for  knocknf raa  parformimca  nhan 
using  8?-oetana  gaaolini.   SAiich,  if  any* 
of  the  folloiring  acti^  ahoold  peradlt  the 
engine  to  parf or«  witiK>ut  knocking  ithen 
uaing  the  liavj^  all^^^purpf^e  fuel? 

1.  Ad^'jmce  the  engine  timing 

2.  Retard  the  engine  timing 
.3.    Change  the  air-fuel  ratio 

.4.    Voam  of  the  above  '  - 

7-5.    Assiasi  that  10O-*octmne  gasoline  is  the 

only  fuel  available  for  an  angina  which  ia 
tunmd  for  knock-frea  performax^:e  whan 
uaing  87-octane  gasoline.    Wiich»  if  any, 
of  the  folicifittg  actions  should  improvs 
the  engine^ a  perfom^ca  whaij  uein^  the 
lOe-octane  gasoline?  . 

1*  Advance  the  ignition  timing. 

2*  Retard  the  ignition  timing 

3.  Change  the  fuel-air  ratio 
4t  None  of  the  ebova 

7-6.    Leaded  gfsoline  with  which  of  the 

following  oci^ane  numbers  has  the  greatest 
toxic  sffsct  on  ths  humsn  body? 

1,  80 

2.  87 

3.  94 

4,  100 

7-7.    What  three  factore  contribute  to  self- 
ignition  of  a  dieael  fusl  vithin  an 
engine? 


1.  Pressure,  temperature,  and  sir  intake 

2.  Frcssurs,  injsction,  and  air  intake 

3.  Pressure »  time»  and  liir  intske 

4.  Pressure,  temperature,  and  time 
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7'*-8«    tn  the  opsration  of  a  diM«l  angiatt, 
which  of  th*  following  factor* 
dstcndMCs)  th«  uount  of  ignition 
delay? 


The  size  of  tha  fual  particlaa 
injected  into  the  tMbuat'ion  apace 

2.  The  temperature  and  preeaiire  within 
the  cov^uation  aj^ace 

3.  The  turbulence  within  the  coabuatlon 
space 

4.  All  of  tl;^;  above 

'\ 

7-9,    Which  of  the  following  atateaenta  about 
detonation  in  a  dieael  engine  is  true? 

1.  Detonation  ii  aupprcsaed  by  incrcaaed  ^ 
ignition  delay 

2.  Detonation  occurs  during  the  laat 
stage  of  coobuation 

3«    Detonation  is  caused  by  av 

siwiltaneous  ignition  of  all  gf  the 

fuel  charge  in  a  cylinder 
4.    Detonetlpn  la  an  instantaneous 

explosion  of  a  small  part  of  the  fuel 

charge  in  a  cylinder 

7-10.    The  cetane  number  rates  fuels  according 

^to  .t     ^  ' 

1.  antiknock  characteristics 

2.  ignition  qualities 

3.  rates  of  vapor itat ion  7-14. 
'   4.  vlscoaity 

7-ll>    Why  is  turbulence  introduce^d  into  the^ 
cylinders. of  a  diesel  engine,?  ^ 

1.  To  regulate  engine  operating 
temperatures 

2,  To  keep  piston  crowns  from  ovei?he«ting  7-15. 
3-    To  help  mix  fuel^  and  air  better  ail^  , 

faster  'V 

4.  To  sweep  away  unbumed  par£icles  of 
fuel 

7-12.    Which  of  the  following  is  NOT  a  means  of 
creating,  turbulence  in  a  diesel  engine! 

^  1.  Increasing  compifession  r^tio 

2.  Shaping  piston  crowns 

3.  Positioning  inlet  ports     ,  ' 

4.  Shaping  combustion  chambers 

7-13.    Which  design  of  combustion  chamber  does 
NOT  use  an  auxiliary  chamber  to  help  mix 
Injected  fuel  with  combustion  air? 

1.  Air  cell 

2 .  Open 

3.  Divided 

4.  Energy  cell 


^   When'anawerlt^  ite«i  Vl4  and  7-15 »  ralir 
to  the  following  principles  upot\  «iich 
Auxiliary  coabuation  ch«*era  work  to  creatm  or  , 
to  improve  turbulent  conditions  in  tha^cylinder 
spaces  of  diesel  engines: 

A«    Part  of  the  co«buation  air  la  trapped 
in  an  auaciliary  chamber  and  ia 
eiqpanded  by  l^at  of  cot^f^reasion^ 
cauaing  the  air  to  jat  out  into  the 
cylinder  apace  at  high  velocity* 

The  rapid  forcing  of  compresaion- 
heated  air  into  the  auxiliary  chasier 
creates  a  turbulent  action  during  tha 
coi^reaaion  event  due  to  the  deaigh 
^of  the  chaabar  and  aise  of  the 
gening. 

Fuel  injected  into  an  auxiliary 
chaoA»er  bums  with  inauf  ficient 
oxygen  causing  unbumad  fuel  to  jet 
into  the  cylinder  space  at  h±^ 
velocity. 


7-16. 


Piston  upstroke  forces  '»or|S  than  half 
'of  th^  combuation  fuel  intis  the 
auxiliary  chamber  where  it  bums  * 
cauaing  the  resultant  gaaes'pf 
combustion  to  swirl  rapidly  into  the 
cylinder 'space- at  peak  pressures. 

The  principle  upon  which  th«  precoabuatfon 
chaaber  work*  is 

1.  A 

2.  B 

3.  C 

4.  D 

!The  principle  upon  which  the  turbuloncB 
chafflhsr  worka  is 

i.   A     '  '  , 

2;  B 

3.  C 

4.  D 

In  a  diesel  engine  that  uses  an 
energy-cell  auxiliary  combustion  chamber, 
during  the  injection  evenf  most  of  the 
combustion  fuel  remains  in  the 

1.  major  air  chamber 

2.  minor  air  chamber 

3.  main  combuation  chamber  • 

4.  connecting  passages  between  the  minor 
and  major  air  cham&ers 
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7-17*  «nglii«»  to  which  divided  cc^u»- 

,  tion  ciuwfi5«r«^  cr^te  turbultncc  op«t«t« 
w^thly'du#  to  m  gradual,  rather  than 
audden  risa  in  cylinder  praaaurea  during, 
tha  coflbuatioa,    Tha  prolonged  cc»ibusticm 
that  raaulta  is^  iaiootbar  eaislna  oparAtion 
±m  attributed  to  tha  ^ 


1, 

3. 

4, 


ahapa  of  tha  nain  combuation  chait^ji^ra 
location  of  tha  aaargy  cella  ralativa 
to  tha  piatona  y 
location  of  tha  enargy  calM/Mlativa 
to  tha  noacxlaa  of  the  fuel  iSij  actors 
raatrj^rtlona  in  tha  paaaagaa  that 
connlct  tha  majqr  air  chaiibara  with 
the  acinor  air  chaabara 


Laaming  Objective:  Identify 
tha  varioua  functions  of  a  fuel 
injection  aystesi  and  explain  why 
the  function  is  raquired.  Text- 
hook  pages  212-214. 

— - — *   \ 


Match  the  function  of  the  fuel  systea  in 
coltaeo  A  with  itjp  definition  in  column  B. 


A.  Function 
^18.    Atomization  . 
7-19.  Timing 
7-20.    Metering  , 


f 


Definition 


1-     Injection  of  fuel 
at  a  partlcxilar 
time 

2*    Accurate  sseasiure- 
ment  of  injected 
fuel 

3.  Breaking  the  fuel 
into  a  mist^like 
spray 

4.  Range  of ^ ad jus t- 
cftat  of  the 
aiaount  delivered 
during  injection  - 


7-21.     In  the  fuel " injection  system  of  a  dlesel 
engine,  which  function  provides  uniform 
speed  and  uniform  power? 


7-22/ 


7-23, 


7-24. 


7-^15. 


7-^26, 


7-27. 


Tha  only  ai^t  of  amrly  iiajacfrion  of 
fuel  in  a  cycle  ia  lour  axhauat 
tasq^eraturaa.  ^ 

Tha  affect  of  poor  tiadng  of  a  fuel 
injection  ayatem  on  tha  parf omanca  of 
a  diaael  ansina  ia  aoat  aiailar  to  tha 

effect  of  poor 


1.  ttMntaring  of  tha  fuel 

2.  control  of  tha  rata  of  fuel 
injection  ^  ♦ 

3.  atc^zation  of  the  fuel 

4.  diatribution  of  the  fuel  % 


In  the  fuel  injection  aystaa,  high     •  - 
pressure  of  injection  enaur as  which  of 
tha  folloirix^  functlona? 

1*  4tc»d2atioa 

2.  Proper  metering 

3*  Proper  injection  rata 

4*  Penetration  ' 

Penetration  of  the  fuel  into  tha  v 
coahuatiQU  chaasiber  ia  dependent  on  WhAi^^ 
type  of  energy? 

1,  Potential 

2.  Kinetic 
3*  Anemic 

4.  ^  Rphust 

Unifora  distribution  of  fuel  in  the 
conbusticjn  chaiaher  is  dependent  on  which 
of  the  following  functions? 


1. 
2, 
3. 
4. 


Injection  pressure 
Compresaion  pressure 
Size  of  injection  h^e 
Each  of  the  ab^ve 


In  a  diesel  engine,  cosibustion  is 
controlled  by  the  governor  which 
controls  the  aaiount  of  air  admitted  to 
the  cotsbustion  chai&ber. 


Learning  Objective:  Identify 
components  of  the  external  fuel 
system.     Textbook  pages  214-215. 


1.  Timing  the  fuel  injection 

2.  Atomizing  the  fuel 
3»     Metering  the  fuel 

4.     Controlling  the  rate  of  fuel 
injection 


7-28. 


In  a  centrifugal  purifier,  contaminants 
separate  from  fuel  oil  because  they  are 

1#  more  viscous 

2.  heavier 

3.  mote  ^olid 
4t  lighter 
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7-^29. ^.Wh#a  a  c*rtrldg#-typ«  filter  bccoa««  / 
^    clogged, 'l?feu^t.   y  I 


1..  cle«a  it 

2.  v«it  it 

3.  r«pl&Cft  it 

4.  drain  it 


LeAsmiag  Objective:    Cive  m 
brief  description  of  the  varioue 
puap-injectioti  systiMi*  Text- 
book pegea  219-231. 


Learning  Ob jectdve i    Give  a 
brief  description  of  the 
cowaoti-rail  injection  syatem. 
Textbook  pagee  215-219. 


7-30.    The  no«2les  of  the  modified  coaaon-rail 
injection' sygtea  differ  fro®  those  of 
the  baaic  coxaaon-rail  systeia  in  that  the 
noaczXce  of  the  xaodified  systeai 

1.    operate  mechanically  while  in  the 
basic  systea  they  operate 
hydraulicaily 
•  2.    operate  hydraulicaily  while  in  the 

basic  systea  they  are  operated 
J  mechanically 

3,  laeter  the  fuel  while  in  the  basic 
system  £ual  is  aetexed  by  injectors 

4.  use  wedges  attached  to  a  slnglfe-s8l*^f  ^ 
to  compensate  for  engine  load 
variations  While  iu  the  basic  system 
the* outer  sleeve  of  the  Injector- 
compensates  for  engine  load 
variations 

7-31.     In  the  modified  comon-rail  fuel 

injection  system,  the  fuel  oil  pressure 
is  controlled  by  the  position  of  the 

1.  accumulator  bottle  pressure  valve 

2.  inner  sleeve  of  the  puap 

3.  relief  valve  adjusting  screw 

4.  outer  sleeve  of  the  pump 

7-32.    In  meeting  the  fuel  demands  of  a 
variable-speed  diesel  engine,  the 
modified  cosiaon-rail  injection  system 
has  an  advantage  over  the  basic  common- 
rail  systm;  the  irfodified  system  has  a/an 

'  1.    hydraulicaily  operated  fuel-metering 
injector 

2.  automatic  pressure  control  with  load 
or  speed  changes 

3.  manually  adjusted  spring- loaded 
pressure  regulator  with  load  or 
speed  changes  ^ 

4.  mechanically  operated  fuel'-me taring 
*  nozzle 


7-33-.    Ib«  pus^h* injection  syatm  tbut  coobiaes 
ft  high--praa«ure  pu^  and  an  injection 
noxiBla  injto  one  unit  Is  a  unit  injector. 

7-^34.   We  Bosch  fual  injection  puarps,  APE  and 
APF,  differ  in  basic  design  according 
to  the  arrangeaent  of  the 


1. 
3. 
4. 


control  rack  and  the  delivery  valves 
spray  ndfezlea  and  the  delivery  valves 
spray  n6zzlee  and  the  coi^ustion 
chamber 

cylinder  pltiogers^and  the  pump 
housing 


7-35.    Fuel  injection  in  the  Bosch  systea  is 
completed  when  the  injection  piflip*« 

1.  inlet  port  is  covered  by  the  plunger 

2.  spill  port  is  uncovered  by  the  edge 
of  the  plunger  helix 

3.  inlet  and  spill  potts  are  both 
covered  by  the  edge  of  the  plunger 
helix 

4.  '  inlet  and  spill  ports  are  both 
^   uncovered  by  the  plunger 

-  7-36.    Which  statexaent  test  describes  the 
Bosch  plunger  injection  pjiap  xaarked 
"timed  for  port  opening"?  . 

1.  Both  upper  and  lower  helices  with  a 
constant  beginning  and  variable 
ending  of  injection 

2.  An  upper  helix  with  a  variable 
beginning  and  constant  ending  of 
injection 

3.  A  lower  helix  with  a  constant 
beginning  and  a  variable  ending  of 
injection 

4.  Both  upper  and  lower  helices  with 
variable  beginning  and  ending  of 
injection 

7-37,     The  PSB  pump  requires  leas  mounting 

space  than  an  APE  fuel  pump  because  of 
-    its  length. 

7-38,     The\  hydraulic  bead  of  the  PSB  f  uel  4>uop 
isH^igpmplete  assexs^jly  which  is  fastened 
to  the^iQusing  by  means  of  a  coupling. 


The  Koosft-Maater  fuaX  system  dlfferi 
from  thmt  of  th%  Beech  AF^  end  PSfi  isk 
r««w4  to  which  of  the  fdlloirlag 
feituree? 


7-^6.    The  purt  of  e  unit  Ijijactor,  thmt  im 

^aouated  eaugly  in  copper  tub*  vithln 
*the  cylinder  heed  is  celled  by 


1. 
4. 


Design  of  the  gpvertior 

Design  of  the  fuel  filter 

Hathod  of  memsurixxg  end  punning  the 

fuel 

All  of  the  above 


Wh^co«poa«ait  of  the  Sooee-Heeter  fuel 
syiAia  provides  accurate  saeasureaeiit  of 
the  fuel  itxjected  into  each  cylinder? 

!•  Rotor 

2.  Metering  plunger 

3.  Injection  nozzle 

4.  ^  Pour- vane  positive-displaceaent 

puap 

In'  the  rotor  of  the  Roosa-Master  fuel 
injection  s^steia,  the  poeition  of  the 
drilled  passages  establishes  the 


7-48. 


1, 
2. 
3. 
4. 


siiaotuit  of  fuel  injected 
fuel  injection  pressure 
timing  rSlstionship  of  nozzles 
position  of  the  injection  pu^ 
plungers 


7-49- 


Xn  the  FT  system,  what  type  of  valve  is 
"the  pressure  regulator? 

Relief 
Bypass 

3,  Stop 

4.  Globe 

In  a  Cuaaains  FT  system  with  a  variable- 
speed  governor,  what  liaiits  the  fuel 
delivery  to  the  required  amount  for  any 
given  speed  or  load? 

St 

1.  Governor 

2.  Gear  pump 

3.  Throttle 

4.  Pressure  regulator 

In  the  Cummins  PT  idjectors,-  the 
circulation  of  fuel  is  continuous  EXCEPT 
for  which  of  the  following  short  periods? 

1.  During  the  injection  period 

2*  Just  before  the  injection  period 

3.  Just  after  the  injection  period 

4,  During  the  metering  period  - 

The  fuel  pressure  and  the  tisae  the 
metering  orifice  remains  open  determine 
the  asiount  of  fuel  injected  into  the 
combustion  chamber  of  the  Cummins  PT 
fuel  injection  system* 


7-50. 


1.  intake  air 

2«  lubricating  oil 

3i  , weter  '  • 

4.  iximX  oil 


•7-47.    in  tbM  high  valve  unit  injector »  the  - 
relation  of  the  helicejs  tf^.       porta  is 
changed  by  the 

1.    motion  of  the  ii^ector  toiJtar  ar«i 
^  2.    rotation  of  the  pltiageV 

3t    velocity  of  the  metered  fuel  a«  it. 

passes,  through  the  helieee 
4.    action  of  the  follower  'spring 


7-51. 


A  unit  injector  is  clASsifimd  according 
to  the 


1. 
2. 

4. 


size  of  its  iajectoi:  valve 
design  of  its  iaJfU^tor  valv« 
nufflber  of  orifices  in  its  spray  tip 
method  of  iiecur ing  it  Im  the  . 
cylinder  ^ead 


In  the  high  valve  unit  -:Uijector,  nhat 
causes  the  injector  valve  to  leave  its 
seat,  theteby  permittliig  fuel  to  be 
sprayed  into  the  combination  chafer? 

1.    The  force  of.  gravity 

2»    The  force' stored  in.  the  injector 

valve  spring 
3-     The  ffcrce  stored  in  the  injector 

follower  spring 
4p     Pressure  that  builds  up  in  the 

injector 

The  beginning  and  ending  of  ^he  Injection 
period  and  the  volume  of  fuel  injected 
into  the  cylinder  by  a  unit  injector  are' 
changed  by  the 


1. 
2^ 

3. 
4. 


reci|5rocating  motion  of  the  plunger 
volume  of  fuel  passing  through  the 
^j actor  outlet  opening 
rotary  motion  of  the  plunger 
motion  of  the  injector  rocker  arm 


In  which  of  the  unit  injectors  iu  the 
check  valve  located  in  a  recess  on  top 
of  the  valve  seat? 


1»     High  valve 
2»     Spherical  valve 
3, 
4. 


N-type  needle  val«e 
Needle  valve  1 
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7-52.    Th«  intflfttsdxlug  of  tt«edXe  valve  inj  actors 
\  .      of  different  typea  on  the  «a3»  engine 

should  NOT  be  permitted  as  the  iajectioo- 
^cherscterietics  differ  from  one  type  of 
injector  to  another. 


7-53, 


Learning  Objective:  Identify 
different  types  of  injection 
nozzles  with  their  probable 
troubles  and  the  necessary 
corrective  actions.  Textbook 
pages  231^237. 


In  the  Bosch  injector  system  the  fuel 
oil  travels  fros  the  injection  pi^p  to 
the  no2zle  holder  body,  passing  through 
which  of  the  following  parts? 


1.  An  orifice 

2.  A  strainer 

3.  A  circular  passage 
4*  All  of  the  above 


( 


7-54.    In  the  Bosch  hole- type  nozzle  injector 

t;he  valve  is  raised  froia  its  seat  by  the 
spray  tip  by  » 

'  S'. 

1.    a  cais^-operated  pu^h*  rod 

2\    a  plunger  and  bushing  assembly 

3*    a  rack-controlled  plunger 

4.    high-pressure  oil  in  the  oil  cavity 

7-55.    Which  type  of  nozzle  is  used  in  injectors 
if  fuel  atomization  1^  loore  important, 
than  fuel  penetratl^  because  of 
combustion  chamber  Resign? 

1.  Open 

2.  Pintle 

3.  Single  hole 

4.  Multihole 

7-56.     In  a  fuel  Injection  unit,  low  nozzle 
opening  pressure  results  in 

1.  an  increase  in  the  amount,  of  fuel?^ 
injec;ted 

2.  an  increase  in  the  rate  of  fuel 
atomizatlon 

3.  a  decrease  in  the  amount  of  fuel 
injected 

4.  a  delay  in  fuel  injection  per  stroke 

7-57,     In  testing  an  injector,  you  should. avoid 
spraying  fuel  oil  on  your  skin  because 
the  pressurized  oil  can  penetrate  the 
slAh  and  cause  blood  poisoning-^ 


7--58.    If  the  opening  pressure  of  a  Bosch 

injector  noxxle  is  too  Wgh  because  of 
ii^roper  spring  action*  the  miQ.f unction 
^  cifti  be  <:orr acted  by 

1.'  adjysting  the  spring. 

X*.  replacing  the  nozzle  uni^t 

3.  installing  a  new  spring 

4.  replacing  the  nozzle  valve 

7-59.    When  a  pressure  in  exceas  of  the  pop 
pressure  can  be  built  up  dUi  a  unit 
injector,  the  condition  is  usually 
caused  by 

1.    dirty  sealing  stirf aces 
2*    weak  valve  springs 
3.  •  broken  pressure  springs 
4«    isproper  asse^ly  of  parts 

7-60.    A  brqicen  pintle  in  a  fuel  injection 
system  usually  causes 

1.  corrosion  of  the  spray  nozzle 

2.  clogging  of  orifices 

3.  distortion  of  the  spray  pattern 

4.  ^  erosion  of  valves 

7-61.    The  recotBoended^corrective  action  for  t 
eroded  nozzle  orifices  is  to 

1.  clean  the  nozzle  openings  with  a 
wire 

2.  imsaerse  the  nozzle  in  clean  diesel 
oil 

3.  replace  the  nozzle 

4.  sandblast  the  nozzle  ^ 

7-62.    mich-4^  the  following  in;lection  system 
defects  will  NOT  cause  nozzle  dribbling? 

1.  Damaged  Valve  body  seat 

2.  Broken  pressure  adjusting  spring^ 

3.  Dirty  nozzle 

4.  Broken  injectbr  tip 


Learning  Ol^jective:    Give  a 
brief  description  of  purging 
the  fuel  injection  system. 
Textbook  pages  237-238. 


7"-63. 


The  pressure  of  air  in  the  fuel  system 
of  a  diesel  engine  could  cause 


1. 
2. 

3. 
4, 


misfiring 
stalling 
knocking 
misfiring. 


stalling,  or  knocking 
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7-64. 


Which  of  thm  f oHcufiug  mppurimcM  of 
fiml  ixuiiaitMi  Mix  in  tb«  systtti? 


1**  Clftur 

2.  Cloudy 

3.  laai-k 
'4.  Ught 


7-67<.   Vbich,  if  any,  of  tb«  following  typ«i  oj 
*    pollutioa  tNW  r«dtfe«d  by  changing  fros 
K«vy  Spitcil  Jml  Oil  to  dijitll^Afc« 


7-65^    Air  vill  «QUr  th«  ImI  systa  in  ao«t 
"       cuu  i»  th«  sucticm  sidt  of  'th« 

iaj«ctioo  «y«tM,    Thtrefor«,  you  mjuit 
iMjmct  th«  auctio^v  piping' Md  fitting* 
^vhan  an  «ir         is  sui^pactcd. 


7*66. 


A$9vam  thut  a'  MtlX  high-spMd  diaael 
angina  f mils  to  start  dus.to  tht 
prsssncii  of  sir  ixf  ths  bigh-ptsssurs 
fusl  linss*    Prialng  should  bs  sttssiptsd 
first  stths 


2. 

a. 

4. 


ovsrfloif  connsction  on  ths  pusp 
housing 

lixj  action  vslvss^ 

prising  puaqp 

trsnsf sr  pifiqp  ^ 


Lssming  ObjsctiVs:    Sslats  ths 
Pollution  Control  Act  to  ths 
dutiss  of  sn  Eoginssuin.  Text- 
book psgss  238  through  239* 


.-  1* 

'2*  Wstsr 

3.  Sou  > 

4,  Hons  of  ths  s2>oys    t  . 

#  ',  ,  '  *  ■  ,    '  -  ■ 

7-'6s;'  Vhst  is  ths  miniBRni  distsncs  froa  shors 
that  s  ship  »sy  pya^  oily  bilgss? 

1.  12  miles 

;  2*  50  milss 

3.  100  milss 

4*  150  miles 

7-69.    Shii«  srs  liOT  normslly  sllowsd  to  • 

transfer  oil  bstvssn  tsnks  in  restricted 
,  vstsrs..  .     *      .  ' 

7-70.    Bsllsst  csn  be  pumped  overboard  after 
it  hss  'been  slloved  to  settle. 
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Assignment  8 

Propulsion  Coptrol  Systaaa;  Dlegel  Engine  OperatinR  Procadureg 
T«tbook  Assignaeut:    Pa^es  240  through  259 


Learning  Objective:    Identify  the  types 
of  engine  coutrois  by  th^ir  functions 
and  describe  mechanical  and  hydraulic 
governor  action*    T«xtbook  pages  240 
through  243. 


8-1.  The  speed  and  power  output  ^of  a  diesel 
engine  are  increased  by  increasing  the 
charge  of 

*     1.  air  entering  the  cylinders 

2.  fuel  entering  the  cylinders 

3.  sir  and  fuel  entering  the  cylinders 
4*  fuel  and  by  decreasing  the  charge 

of  air  filtering  the  cylinders 

■  * 

8-2.    A  governor  that  conttols  the  flow  of 

fuel  oil  to  the  injectors  at  all  engine 
speeds  between  idling, and  «^lmum  is 
classified  as  a  |. 

J 

1.  constant'-speed  governor 

2.  load-litaiting  governor 

3.  variable-speed^  governor 

4.  speed-limiting  governor 

8-3,     A  control  device  that  limits  engine 
load  at  various  speeds  is  called  a 

1,  speed-limit ing  governor 

2.  variable-speed  governor 

3,  constant-speed  governor 

4.  load-limiting  governor 

4 

8-4 •    What  is  meant  by  ifochronous  governing 
of  the  speed  of  a  diesel  engine? 

1.  Speed  varies  with  load  changes 

2.  Speed  r^nai^s  constant  under  all 
load  conditions 

3.  Speed  is  maximum  under  overload 
conditions 

4.  Idling  speed  is  maintained  under 
minimum  load  conditions 


In  th«  following  items,  aatch  th«  ter»  in 
column  A  with  the  best  definition  in  coliuan  B. 


A.  Term 
8-5.  Hunting  ' 
8-6 ,  Stability 

Sensitivity 


B.  Definition 

1.    Spe^  of  action  of 
governor 

2/  Ability  to  «aintaia 
speed  without  f  luctu- 

3*    Continuous  fluctuating 
speed 

^«    Axaount  of  speed  change 
required  before  th« 
governor  will  taks 
corrective  action      ' ^ 


8-8.    In  the  centrifugal  governor  of  a  diesel 
engine,  the  rotational  speed  of  the 
flyballs  is  determined  directly  by  the 

1.  throttle  setting 

2.  governor  spring  presstire 

3.  erigin^e  spe^ 

.  4,    adjusting  device 

8-9.    Assume  that  a  diesel  engine  is  operating 
under  variable  iioads  and  that  nO  manual 
adjustments  are  xaade  by  the  operator. 
In  the  governor  of  the  engine,  centrif- 
ugal force  ofil  the  flyballs  becomes  . 
greater  than  The  pressure  exerted  by  the 
coil  spring  as  a  conse<i|jence  of  which 
of  the-  following  events? 

1,    A  decrease  in  the  amount  of  fuel 
delivered  to  the  engine 
.2.    An  increase  in  load 

3.  Either  1  or  2  abdve 

4,  A  decrease  in  load 
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in  4  . 


8-11  • 


8-^12, 


8-13. 


8^14. 


Th«  force  tacttrtad  by  the  coil  eprljig  on 
%hm  iflybelle  In  e  governor  ie  equal  to 
the  centrifuge!  force  of  the  flybelle 
when  the  dieeeX  engine  ie  OfTeretlng  et 


8-'16, 


1. 

3. 
6. 


conetent  epeed  vith  e  variable  load  \ 
variable  epeede  with  a  Veriabla  load 
conatant  speed  vith  a  constant  load 
vatiable^eeda  vith  a  constant  load 

In  figure  11^.  of  the.  ttttbook,  if  the  ' 
flybalis  wove  out^  whst,  if  anything, 
will  happen  to  the  rata  of  fual  flow? 

!•  Increase  - 
2*    P^rease  - 

3,  Increaae  then  decrease 

4,  nothing 

In  figure  .11-2  of  the  textbook,  hydraulic 
oil  is  being  ported  to  the  ut^er  or  lover 
Side  oif  the  power  piston.    What,  if 
anything,  is  happening  at  the  fuel  valve? 

!•  It  is  opening 

2.  It  is  .closing 

3.  It  will  close  then  open 

4.  Nothing  ' 

In  figure  11-3' of  the  textbook,  what 
forces  the  power  piston  down? 


8-17, 


Al^mise  that  you  are  ^efuired  to  atop  a  ^ 
dieael  Mgine  thsit  if  dverepeeding,  and 
you  are  !xmf a^iliar  with  its  design  and 
operation,^  Uow  shcHild  you  atop  th]^^ " 
.engine?  • 

1.    Use -the  throttle  to  cut-off  the  , 

fuel  aupply  - 
2*  ^  Block  the  fuel  line  by  Closing  the 

valve  on  the  line 

3,  Block  ita  flow  of  intaka  air 

4.  iuaieve  the  ptea»ire  in  the  fuel 
line  by  opining  a  valve 

An  overepeed  trip  will  etop  a  diasel 
engine  that  is  «quipp#d  with  a  epeed 
governor  when  the  regular  spised  pernor 
fails  to   '  ^ 


1. 

4. 


liadt  the  load  on  the  engine 
\keep  engine  speed  tmlow  tim  ^^4mi^<m 
designed  llsilt 

kaep  engine  spaed  above  the  sdnisam 
designed  lisdlt 

keep  the  engine  from  h^inting  exces«* 
aively  under^nonsal  losds 


8-18. 


Tlie  sluitdf f  control  in  i  wechanical  or 
hydraulic  over  spaed  govi^rnor  is 
operated  by  ^  power  sprifag. 


1.  Hydraulic  pi^fe|re 

2.  The  speed  adj|||PiQg  spring 

3 .  A  cofi^2 ansa t  ing  spr ing 

4.  The  power  spring 


Why  are  a«chanical  governors  ratjjA  than 
hydraulic  governors  used  on  small  diesel 
engines? 

1.    High  fuel  injection  pressure  is  not 
necessary 

2*    Largs  amounts  of  fuel  are  not  handled 
3#    Faster  operation  is  required 
4.    Extrsmely  accurate  regulation  is  not 


0  necessary 


S-15, 


Learning  Objective:  M)eficribe  overspesd 
devices,  while  giving  the  purpose  of 
the  safety  devices Textbook  pages 
243  and  244.  * 


Operating  a'diesel  engine  at  excessive 
speeds  can  cause  its  rotating  parts  to 
break  apart/ 


Learning  Object^ve|/I>escrlbe  tl 
various  types  of^ propulsion  controls, 
pneumatic,  hj^raulic  and  electrical. 
Textbook  pages  244  and  245. 


8-19.    In  a  controllable  pitch  propeller,  which 
of  the  following  re<juiresients  is  aet  by 
either  pneu»atic  or  hydraulic  signal? 

1.  Control  of  engine  load 

2.  Control  of  shaft. speed 

3.  Control  of  shaft  direction 

4.  Control  of  propeller  pitch 

8-20.    The  EOS  can  control  th^  steering  geaf . 

8-21.    On -ships  with  CRP  propellers,  the 

pilothouse  console  can  control  starting 
and  stopping  of  main  engines. 


Learning  Objective?    Identify  the 
general  procedures  for  starting 
diesels  aftiBt  prolong^  periods  of 
idleness,  overhaul,  and  routine 
securing.    Textbook  pages  246  through 
248, 
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8-2jr    Tb«  Enginterlng  Operation  Ssquenclng 
*•     Standards  (EOSS)  i»  written  for  tba 
Dcpartmant  H^ad't  guidanca  only, 

8-2i^   What  is  the  first  stap  in  tha  gmeral 
starting  pracaiura  for  a  diasal  angina? 

1.  Crank  the  angina 

2.  Par form  preoperational  checka 

3.  Align  tha  supporting  syateas 

4-    Vent  the  freshwater  cooling  syst»  ^ 


*     ^    Itaa  8-31  and  8-32  arie  coucemad  vith 

'   the  steps  you  are  to  follow  in  preparing 
to  start  a  diaaal  engine  that  has  just  been 
overhauled  *  ^ 


8-.31. 


Hatch  the  starting  procedure  for  a  dieael  engine 
in  colvwn  A  with  the  component  or  systera  in 
•  cQluan  B»  V 


A.  Procedure 
8-24 •    Align' valves- 

8-25.    Check  freshwater 

level 

'8-26*  «  Check  oil  level 


B.  Component /System 

1,  Expansion  tank 

2k  Sump  .  . 

3,  Se&water  cooling 

4.  Heat  exchanger 


8-32. 


8-27.    After  a  large  diesel  engine  has  been  idle, 
how  is  the  oil  film  restored  to  the 
cylinder  walls?  ^ 

1^   By  pressurizing  the  lube  oil  system 
and  jacking  the  engine 

2.  By  the  lube  oil  injection  system 

3.  3y  hand  wiping 

4.  Through  the  inspection  port 


8-28.     To  reduce  load  during  jacking  operations, 
wha£  should  you  do? 

1;  Open-  the  fuel  line 

*   ,    2,  Open  the  expansion  tank 

3.  Open  cylinder  test  valves 

4-  Open  the  sea  valve 

8-29,    When  i^  the  check  for  malfunct;ioning 
alarms  performed? 

1.  Before  lining  up  the  fue^.  system 

2.  After  starting  the  engine 

3.  When  lining  up  the  freshwater  cooling 
aystem  ^ 

4.  After  lining  up  the  fuel  system 

8-30.     In  re-'Starting  a  warm  engine,  which^"  of  the 
following  reactions  , may  be  expected? 

1.  Excessive  fuel  use 

2.  Longer  starting  period 

3.  High  coolant  temperatures 

4.  High  oil  pfessure 


8-33. 


In  starting  a  diesel  engine  after  a  long 
idle  period,  each  of  the  following 
prdcedurcs  tswst.bc  performed.    What  is 
the  correct  saquence?^  > 

A.  Check  gperating  condition  of  governor 

B.  Fill  the^ freshwater  system 

C.  Check  tagga4  valves 

D.  Make  a. visual  check  to  see  whether, 
oil  is  present  at  all  bearings 

E;    Check  all  pipe  connections 
?.   ^Inspect  aUr^receiver 

1.  A,  C,  B.  F 

2.  .C,  A,  B,       B,  F  , 

3.  C.        B,  D,  F,  A 

4.  C,  E,  B,        A,  F 

Disconnected  air-starting  lines  are 
blown  out  and  reconnected  so  that  the 
specified  pressure  will  build  up  before 

you 

1.  check 'timing  of  fuel  injectors  ' 

2.  check  valve  assemblies  fv  freicdom 
of  movement 

3.  clean  fuel  oil  strainers 

4.  open  scavenging-air  header  manifold 
drains 


Learaing  Objective:    List  the 
procedures  to  follow  during 
routine  operation  of  a  diesel 
engine.    Textbook  pages  248-251. 


8-34. 


Which  of  the  foli&wing  is  a  long-range 
benefit  to*  be  obtained  from  keeping  logs? 

1.  The  detection  of  high  temperature 

2.  The  detection  of  low  water  pressure 
3!^The  detection  of  gradually  degraded 

operation       ,  V 
4.     The  detection  of  back  pressure 

What  is  the  minimum  ipad^at  which  a 
diesel  engine  should        allowed  to 
operate  for  any  length  of  time? 

1.  One-fourth^ nonnal  load 

2.  One-thfS^'' normal  load 

3.  Onia-half  normal  load 

4.  Two-thirds  normal 


;  


8-3Sv    In  «  4ie»ei  engine,  wivit  pot^itJUilly 
*     vdiMM^iag  contjltioa  is  lo4ic«t;«d  "by 
\    4^u:e«»l\Ns  firing  presmi^TM'? 

f       2*  Oyerload^^ 

3.  I;iad#quat«  lubrication  in  ejogin^ 
»  cylinders 

4  •    Corrosion  of  tht  fuel  intake  velvft 

8*36«    Eov  cmn  you  cleen  the  js«tal-^ge  type 
strainer  without  interrupting  the  flow 
Qf^oil?  '  ^ 

'  *  ■' 

1.'    insert  new  cXejiner  bladts 

*  '         2.    Reducer  thM  oil  Input  by  one-half 
.3.    Replace  the  sua^  o£  tbft  etrainer 

4.  , Turn  the  ext*rnAl  handle 


8-37. 
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Whiqh  o^  the  following  operating 
conditions,  causes  d^>o8its  of  sjilt 
in  the  coolers  and  piping  of  engines? 


le 

2, 


3. 


4. 


Low  tea^eraturss  jln  the  saltwater 
coolis^  systeia 

^Excessive  tesiperatures  in  the  salt- 
water cooling  systesa 
Excessive  temperatures  of  the  lubri- 
cating oil 

liow  temperatures  of  th^  lubricating 
oil  ' 


S-'SS.    The  operating  efficiency  o5  a  saltwater 

cooled  engine  will  decrease  unless  the 
^  coolant  discharge  temperature  is  be;tween 

■  \ 

X.    14b».and  180»F'  . 

2.  140*  a^^XmS 

3.  100"  aaJTDO'F  - 

4.  100*  and  ,18e"F  ^ 

8-39^    Which  of  the  following  operating 

conditions  is  &  cause  of  fractured*  * 
ct^kshafts? 

1.    Expessive  speedup  of  load  to  an  * 
engine 

2-  Excessive  vibration  iii  the^ngine 

3-  '  Excessive' rate  of  wateY  flow  ^ 
4«    Excessive  rate  of  oil  intake 

f 

8-40-    How  can. you  effect  a  gradual  reduction 
of  diesel  engine  texaperature? 

1.    Allow  the  engine  to  idle  fo^  a  while 


8-41.    Ifiian  should  ycajf  opan  tha  cocks  on 

tha  asiwtMit  l^nas  of  a  4iM«r aiginaT  / 

,       1«  Bafoira  the  angina  if  started 

/        2.  V^Ue  tha.  angina  is  idling  ' 

3.  Whan  the  angina  is  .(iterating  with  a 
^ .  ■  ^-    »  capacity  los^ 

4.  After  the  anginii  haa 'j^toppad 


teaming      active:    Idantify  operating 
precautions  for  d^juial  anginas.  Text^ 
^    book  page  251.  *  .  ; 


S'*42.    lu  the  operation  of  diesel  anginas, 
which  of* tha  following ^actions  is/ 
1.  contrary  to  aceaptad  safety  practicaif 
*  ■  .  ■  '  '  •. 

le    Centrifuging  oil  thoroughly  before 
use'  .  '  \  ^ 

2.  Ensuring  that  reliefs  valves  are  not 
laft  ip  lt>ckad  position 

3.  Stopping  angina  if  operating 
taaparatura  is  too  high  .  ^ 

4e    Puaping  fuel  into  cylinders  while 
testing:  valves  ^ 


Learning  0|>jactive:    Give  a  brief 
description  of  es^rgency  diasel 
generators  and  how  they  operate. 
Xexthook  pages  252-253 • 


8-44. 


S-45. 


before  stopping  it 
2,     Gradually  increase  the  aniount  of 
freshwater  in  the  cooling  system 
3-    Gradually  reduce  trie  rate  of  oil 
intake 

4.    Reduce  size  of  the^  bypasfs-valve  » 
opening 


8-43 ,    The  esaergcnc^  generators  in  Mat  na:^! 
ships  are  powsred  by 

-1.  gajplina  engines 

2.  diasel  engines 

3.  ste^  turbine  engines 

4.  gas  turbine  engines 


In  an  emergency  generator  systeia  rated 
at^30  volts,  at  what  voltage  will  the 
starting  xaechanisxa  hm  triggered? 


1. 
2. 
3. 
4. 


250  volts 
203  volts 
184  volts 
152  volts 
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A  diesel  eaergeifcy  generator  with  an  air 
starting  syst«a  will  start  autoiaaticaHy 
under  which  of  the  foliqwing  conditions? 

1.,   Current  flowing  in  solenoid  circuit; 
.valv^  handwheai  in  opsif  position 

2.  Current  flowing  in  solenoid  circuit; 
valve  handwheel  in  closed  position 

3.  Current  not  flowing  in  solenoid 

,     circuit;  valve  harwlwheal  in  open 
position 

4.  Current  not  flowing  in  solenoid 
circuit;  valve  handwheel  in  closed. 

4  positon 


-      i«  located  in  «  cc^ip*rta«at  tfcat  hMS  xio 
direct  aupply  of  outsid«  «ix  for  thm  . 
•jagiM  ittt^ii^  Wh«t  action,  if 

mnyt  aM#t  you  tmit*  l>«for«  starting  tba 
engine  .to  ttkmrt  I  coiatinaous  tupply  «f 
air  fot  you  «nd  tb«  «ngiiMi? 

-1)p«n,<«ie  atartfing  a^r  tank  vmlva  to 

2.    Opto  th^pStetiaga  of  tha  vantilatioa 
syatcffi  ^ti^ihg  the  cotoartmant 

3/  Charge  the  co«part»ant  with  air  fro» 
t       ■  '  the  hlgh-pra^aura  air.  ayatea 

4.    Ko  action  is  riiquired  1>efore  atarting 
the  engine  - 


8^48. 


8-49. 


Learning  Objective:    Identify  factor* 
that^af f ecr  casualty  control .  Text- 
bock  pages  253  through  255. 


Which  of  the  following  factors  of ^ 
casualty  control  is  HOT  controlled  by 
the  ship's  engineering  departnent? 


!•  besign 

2.  ^Plant  maintenance 

3.  Personnel  training 

4.  Inspection  ■ 


In  casCialty  control,  how  many  methods  of 
coanunication  are  available  before     '  >  * 
messengers  are  required? 

1.  Five      -  ^  '        '  . 

2.  Two  V 

3.  Three 
4,.  Four 

Which  of  the  f ollewing  sywptoas  indicate 
an  engineering  malfunction? 

1.  Usual  noises 

2.  Itoraal  temperature        ^  \ 

3.  Nortaal  pressures 

4,.  Abnormal  operating  speeds  ^ 

To  determine  the  |)regence  of  instrument 
error,  what  should  you  do  if  a  gage  gives 
a  low  riding? 

1,  Replace  the  gage 

2.  Install  a  duplicate  gage 
.3.     Ignore  th6  gage 

4.  '*  Repair  *the  gage 


8-51.    Xf  a  fuel  oil  Suction  |»u«p  fa41ef  what:  ^ 
sbcHild  you  do  af tar  rul^scing  the  pusip? 

■      '    ,       ■  '     '   •  '    ' '  ■  ^    ^*     ■    r-'  '  ■■• 
1.    inapecrt^all  ^OsKllar  pmpB 
:l      2.    Inatall  a  apara  pa«p 

3,    Chack,the  Rtction  of  tha  failed  pua«>. 
4*    Che<;k  tha  atrais^r  of  tl:^  f*i3,i^ 
,  pu»p 

8-52.  is  sa3.twatar  iatectad  in  an  oil  v 


sa»plft? 


8-53. 


U    Standard  »athyl  teat 

Standard  wetl^i  f  lourida  test 

3.  Stand4ps^  fluori^**<{at 

4.  Standard  chloride  teat 

Caauaity  training  should  b«  pracediNi  by 
'a  dry  run  or  two. 


Learning  Objective:    Identify  C?ha 
'phases  of  casualty  control.  Textbook 
pages  255  and  256« 


8^54.    Who  has  the  ultiaate  responsibility  for 
continuing  to  operate  under  a  caauaity 

condition?  .      .  ^ 

1.  Engineei:  officer  of  watch 

2.  Chief  engineer  •  '   .  ^ 

3.  Officer  of  the  deck 

'  4.    Coaaanding  officer  * 

8-55.    How  soon  after  an  engineering  casualty 

is  it  safe  to  cross  connect  two  syfteais? 

1*    Aa  soon  as  the  {damaged- unif:  is 
stopped 

2.  As  soon  as  it^has  been  determined 
that  the  systea  under  casualty 
will  not  adversely  affect *the 
cross  connected  systam 

3 .  Aa  soon  as  It  has  been  determined 
that  the  second  ayat^  is  operational 

4.  Each  of  the  above  is  correct 


8-56. 


A>  Casualty 

Emergency 
restoration 


in 

B.   ^Ph^s^  of  Casualty 


Identify  the  casualtiear^JTlsted  in  column  A  with 
its  proper,  phase  number  in  column  B^. 


8-57.  .Limitation  of 
casualty 

8-58.    Complete  repair 


Control 

1. 

1st 

2. 

.2nd 

3. 

3rd 

4. 

5th  ■ 
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8rS9i,    Th«  fuel  oil  Mrvice  pu«p«  Ar«  tKJrswilly:  8-62* 
connected  ao  that  the  after  jpuap  Mryicea 
the  forward  «xigin«\^  -  ■ 

&*-60«    In  th«  geared  dieael  projHjision  plants*: 
*        ^  which  of  ^  tha  follwiug  auxiliary  syst^a 
*y    '^caa  aaually  be -crosa  conn«:tM?  , 

.  .  1.    Cooling  watar 

2'.    Luba  oil  '    ^  ^ 

Fuel  oil  - 
4-    Each  of  the  above  SIb  correct 

8-63. 

8-61.    When  an  engineering  casualty  occura  tp  * 
a  diesel  engine  which  drives  a  r^uction 
gear^  the  main  shaft  is  locked  by  which    ^  ' 
.\  of  the  following  JBathods?  - 

.8-64. 

,  :    .     1.  Brake 

2,  .  Jacking  gear 
3-    Varying  ' 

4.    AH  of  this  abQve  ^ 


Leamixilg  Objective:  Identify 
procedures  for  enginerooxB 
"casual ties «    Xextbook  pages 
257  and  258.  , 


When  there  fa  a  caaualty  la  thf^^'^mgin^* 
TcKmv  the  Englnear  Of  f  icat  of  ythe  Watch 
shall  notify  the  Officer  of  tbe  Oeckv 
Whai '  Inf on^tion  ssaat  be  supply  the 
bridge?  .  V 

1.    the  nature  of  the  cawwdtyV 
.2.    Tha  ability  Of  the  engiaarooSi  to 
.  auawar  bells  T 

3.  The  swteiaum  speed  iiyfiUW*/   ..^ 

4,  All  pf^  the.alKive  7 

In  an  eaierseiicy,  a  diesel  e^iae  can  b« 
operated  for  a  lisiited  ti^e  with  salt- 
.water  in  the  cooling  syatem  wi^lKmt 
appreciable  dasMge. 

fn-^an  ^ergency,  a  dieael  engine  can  ba 
stopped  by  discharging  a  COa  ejftlngui^ 
into  ti»  fuel  supply/ 


AssignmenI  9 


troubleshootlTig  and  Transmission  of  Engine  Foyer 
Textbook  Assifi^ut:    Pa^ji^  "260^tbroup*^ 


L^rning  Objective:  Identify 
the  duties  axXd  requirasents  of 
a  troubleshooter.  Textbook 
^peges  260-261. 


9-3. 


9-4. 


Which  of  the  following  senses  is/are  used 
by  the  diesoi  engine  troubleshCMjter? 


1. 
2. 


Tasting 
Seeing 
Hearing 
Both  2  and 


3  ar^  coi^rect 


Frequently,  instruments  gl^e  ,the  first 
symptoBi  of  trouble -'I  To  identify  ' 
variation  from  nonaai  th^  troubieshooter 
oust  .  y 

1.  take  the  reading  at  regular  intervals 

2.  record  the  changes  in  readings 

3.  knov  the  specifieci  operating 
instructions 

4.  'report  the^readiug  to  EOOW 

Which  of  the  following  actions  will  be 
the  greatest  aid  in  detectlitg  minor 
leakage? 

1.  Standing  watch 

2.  Conducting  Mterial  inspection 

3.  Conducting  adalnistrative  inspection 

4.  Conducting  routine  cleaning 

Basically,  troubleshooting  a  diesel  engine 
requires  knowledge  of  the  various  systems 
within  the  engine*    However,  this 
knowledge  does  NOT  need  to  include 
construction  and  function  of  the  parts. 


Learning  Objective:     Identify  the 
various  symptoas  with' the  faulty 
system  when  a  diesei  engine  fails 
to  start.    Textbook  pages  261 
through  269. 


9-5-    When  an  engine  can  ba  cranjced  but  fails 
to  starts  which  of  the  .following 
^    troubles  teay  be  present? 

1.  ^  Improperly^  enga^d  jacking  gear 
I         2.    Xnsuffici^t  comresaion 

3.  Depleted  air  supply 

4,  Faulty  air  distributor 

9-6.    When  a  diesel  eng^  can  neither  be 

cranked  nor  barirSa  over,  %A^±ch  of  the 
following  troubles  is  most  probably 
indicated? 

l^'   A  depleted  air  supply 

2.  An  open  cylinder  relief  valve 

3,  An  improperly  engaged  turning-  geajr 

4,  An  out-of-tliae  air^starting  taotbr  ^ 

■        To* answer  quest ibns  9-7  and  9-8,  use  the 
•     following  condition:    An  engine  can  IjfOT 
be  cracked,  but  it  can  be  barred  over. 

9-7*    Of  the  following,  which  is.  the  most 
probable  fault? 

1.  Improper  throttle,  setting 

2.  Tripped  overepeed  device  ' 

3.  Engaged  jacking  gear  interlock 

4.  Seized  piston 

9-8.     Of  the  following  systems,  which  is  the 
raost. probable  source  of  the  trouble? 

1.    Air  starting  system 
^  2.    Fuel  system 

'  3.  ^  Ignition  system 

4.     Lubrication  system 

9-9.     Which  of  the  following  troubles  may  be 
detected  through  the  scavenging  air 
port? 

1.  Stuck  piston  rii^s 

2.  Seized  bearing  \ 

3.  Faulty  air  starting  distributor  ' 

4.  Scored  bearing 
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'  9-10.    What  QMxmM  nott  of  tb«  trou6la«^ia  « 

direct  mduunicia  lift  air  tlaiii«>y«tMi? 

!•  Imprdpar  *dju«ta»nt»  * 

,        2.,  Ia«uffici«it  lubrlMtioa 

.    3«  Dirt  «ad  gtia  d«poiittf 

4.  Iuad«<}uat«  cooling,  .  i 

9-11.    Oa  A  rotary  distributor  aix  timing 

Mcbwisa^  vitAt  should  you  U9m  to  check 

 '^fc  ^com:mct-i>*:tir«tt  tlw 

body?  - 

1.  Fsftlar  gage 

2.  Pi^aimn  blue 

3.  Clearance  light 

4.  MicroMter 

9-12.    Which  of  the.  fdlloiang  praVticea  tends 
to  reduce  or  eliminate  the  formation  of 
gmy  deposits  that  cause  upper  mid 
tower  pistona  of  pressure-yactlvated 
air-startlj^  valves  to  stick  jln  the 
cylindersT 

1.    Increasing  the  tension  of  the  valve 

return  springs 
2*    Draining  the  storage  tanks  snd  water 

traps  of  the  air-starting  system 

3.  Jaclcing  the  engine  over  manually 
before  starting  to  free  any  valves 
that  msy  be  stuck 

4.  Decreasing  the  tension  of  the  valve 
retuf^  springs  ^ 

9-13»    What  should  you  do  if  the  upper  piston 

x)f  an  air^sctuated  starting  valve  sticks 
b4!cause  pf  gusamy  deposits? 

1.  Force  alcohol  around  the  pistons 

2.  Blow  clean  hot  air  around  the  pistons 
3*  ^Piit  light  oil  around  the  valve  and 

work  the  valve  up  and  down 
4*    Remove  the  piston  and  buff  it  with 
Jewelers*  rouge 

9-14.     In  general,  what,  should  you  do  if  m 
\       presaiire-actuated  air  starting  valve  is 
n^t  functioning  properly  because  of  a 
weak  return  spring? 


.9-15.  Xf  mechanical  lift  air^startiag  valvee 
faii^  close  because  of^  tight  packins 
nuts^  the  dieael  engine  tmy  b#  har^  to 
etart^      '  '  O 

9-*^l6.    Wiat  is  the  main  source  of  fual  pus^  mi 
isijecti<m  aystem  triples? 

1.     Cent  j«ittated  .fuel 
  2.     Improper  adjuetmenti  ^  ■ 


9r"17. 
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9-'lS. 


9-19. 


9-20. 


^  1. 
2. 

3. 
4- 


Place  another  washer  on  top  of  the 
valve  stem  %  ,r 

Replace  the  castellated  nut  with  a 
heavier  one  i 
Re-stress  the  valve  return  spring 
Install  a  new  valve  return  spring 


9^21, 


3. 

4/ 


Coated  fuia  lines 
Eteeasive  vibratlcm 


Ketal  fatigue  in*  the  nipples  of  a  fuel, 
system  is  usually  caused  by 

1.  leakage  '  «  ' 

2.  high  injectioi;^  pressures 
3*    ^  vibration 

4.  erosion 

What  are  the  main  causes  of  leakage  in 

fuel  tanks?  ' 

1.  Corroaion.  and  a^essivit  fttel  line 
pressure  '  ^ 

,  Hetal  fatigue  and 'improper  velds 
3«      Vibration  and  metal  fatigvia 
4.   '  Clogged  fuel  lines  and  corrosion 

Which  of  the  follai'lngr  problems  is  likely 
to  cause  failure  bf  a  diesel  engine 
mechanical  governor? 

1«      Faulty  oil  seals 

2.  Bound  contrpl  linkage 

3.  Defective  cold  starting  device 

4.  Low  oil-^level 

You  can  cause  the  overspeed  safety  device 
'of  an  engine  to  become  inoperative  by 


1. 

2, 

4. 


trying  to  start  the  engine  With  low 

starting  ait  pressure 

tripping  the  device  accidentally 

while  trying  to  start  the  engine  ' 

shutting  off  the  fuel  supply  after 

starting  t^e  engine 

shutting  of  the  air  supply  after 

starting  the  engine 


Most  dieael  engines  are  equipped  with  a 
special  means  of  cutting  off  their  air 
or  fuel  supply  in  an  eflierg^ncy.     In  ^ich 
of  the  following  situation^Nwould  the 
special  meana  be  used? 


1- 

2. 
3, 
4. 


Engine  cannot  be  cranked  or  barred 
over  ^ 

Parts  of  the  exhaust  system  are 
obstru^ct^d 

Fu^fl  oil  infection  system*  is  not 
properly  timed  ^ 
Overspeed  safety  dcviee  dqes  not 
operate  when  speed  becomes  excessive 
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9-22.    Slow  cranking  of  m,  cold  diMisl  engi^ae  aay 
hm  CAUMd  by  u*««  of  which  of  th«  loXloi^lng 

X,  I>«t«rgent  lub«  oil 

,2.  High  viftcoaity  lub«  oil 

3,  Uthmx  of  tb«  lOJove  - 

4«  Centrifug«d  lub«  oil 


LMrning  Ofajectivei  Identify 
and  troublsshoot  causes  of 
irregular  diesal  engine  operation. 
Textbpok  pages  269  through  280. 


9^231    What  diesel  engine  systea  is  likely  to  be 
at  fault  if  a  cylinder  misfires  regularly? 

1.  . Lubrication 

2.  Fuel 

3.  Exhaust  . 

4.  Ignition 

9-24.    A  cylindet  compression  leak  is  indicated 
when  the  pressure  in  a  particular 
cylinder  of  an  engine 

4 

1,  is  much  higher  tljan  that  in  the  other 
cylinders 

2,  is  much  lower  than  that  in  the  other 
cylinders 

3,  fluctuates  from  normal  to  much  below 
specified  pressure 

4S^luctuatft8  f  roni  normal  tq,  much  above 
specified  pressure 

9-25.  *  After  being  cleaned,  most  engine  air 

cleaners  of  the 'oil-bath  type  should  be 
^    refilled  to  what  level? 

X^.  The  full  mark 

'  2.  Slightly  above  the  full  tuark 

3.  The  halfway  matk 

4.  Slightly  less  than  the  halfway  mark 

9-26.     If  the  water  in  the  cooling 'system  of  a 
diesel  emergency  generator  overheats 
because  the  thermostat  fails  to  function, 
what  action  should  you  take? 

1.  Clean  the  bellows  of  the  element 

2.  Adjust  the  tension  of  the  regulator 
-  spring 

3.  Clean  the  freshwater  cooler 

4.  Replace  the  thermostat 
%  ■ 

■  ,  I 


9-27.  -  In  th«  Fulton-SylPhcm  automatic 

tMperature  regulator*  i^t  happens  if 
you  decreaae  the  spring  t«n«ion?  v 

1.  The  velocity  of  the  cooling  water 
decreases 

2.  The  tei^Hirature  range  of  the 
regxxiator  ^creVses 

3.  The  velocity  of  the  cooling  water 
increases 

  -  4,-.  Tbe-t^ttperature.r^ange-nt-tha-  _  . 

rei^ulator  decreases 

9-28.    Which  of  the  following  defects  will  cause 
hack  pressure? 

1,  Obstruction  in  ccsfiauetlon  space 

2,  Thermostat  failure  '  ' 

3.  Restricted  eaAauat 

4.  Restricted  oil  filter 

* 

9-a9.    Which  of  the  following  can  damage  the 

turbine  blading  of  a  centrifugal  blower? 

1.  Foreign  ohiects 

2.  A  beariuK  failure  t 

3.  Over  speeding 
'^4.  Any  of  the  above 

9-30.    How  can  you  determine  whether  blower 
rotor  gears  are  worn  excessively? 

1.  Measure  the  clearance  betyean  the 
leading  and  the  trailing  edges  of 
the  rotor  lobes 

2.  Measure  the  backlash  of  the  gear  set 

3.  Measure  the  clearances  between  the 
rotor  lobes  and  the  casing 

4.  Check  the  timing  of  the  rotors. 

9-31.  If  an  engine  shows  power  loss,  frequent 
stalling,  and  starting  failures,  one  of 
the  contributing  troubles  is  likely  to  be 

1.  low  cooling  water  temperature 

2.  faulty  operation  of  the  governor 

3.  improperly  engaged  jacking  gear 

4.  faulty  air-^starting  distributor 

9-32 <     If  you  are  checking  an  engine  for  a  stuck 
fuel 'control' rack,  what  should  you  do 
imaedistely  after  disconnecting  the 
linkage  to  the  governor? 

1.  Visually  inspect  the  rack 

2.  Try  to  move  the  rack  by  hand 

3.  Test  the  return  springs 
4,,  Remove  the  rack 


9-34. 


9-36. 


9-37. 


fail  bo  havft  «ay  c^trol  ov«r  a  «udd«t 
iacr««s<  in  ip*^  uod*;  >Aichof  £}>• 
f  oUowins  -coaditioos?  ^ 

2. .  Sudden  drwiiif  of  Iub«  oil  into  thm 

cylindftrs  ttam  tim  Jiiir  hon. 
3.    Kanlfold  e:q;ilo«ion  cauMd  by 
^KCMiiiVft  a^cuKil4itl<m  of  oil 


4«    lsk>parativ«  eylind«r  ralltt  vaIvm 

f     ...  '  ■ 

B«for«  AM«ri^li^ig  nw  oil  SfftlSg  irhfc 
■hould  you  do  ^o  thM? 

1«  tfMh  thn  ^  A  daUrgMt 

2.  Spray  t;h«ai,vitb  pari^fin  1 

3*  Run^iiM  i:broush  a  hlcmmt^  ^ 

4*  Soak^tliM  in  eliant  lisht^'lub*  Qil 

Vfy^t  ftuft  t>«  doM  to  «  Mfftty  vAlv«  if  it 
±B  rMov«4\f ros  m  ingint  cyl:Uidcr? 

1.  Spring  tuAijon  Mat  bft  tu«t 

2.  ShMr  pin  suit  biN^plmctd 
3«  Vslv«  M«t  b«  Mehu«d  and  lapp«d  in 
4.  V«lvft  ttut  bft  repla4:i|d  with  «  nw 

valvtt 

If  th«  axbAuat  ports  of  «n  tugiM  b«coM 
clogged  during  operation^ which  of  tb« 
following  ii  A  posiibla  /««ult7 


1. 

3. 
4. 


Hl^  #3chAust  t«i^radir«f 
OvgrhMting  of  thm  cmgint 
Popping  of  th«  cylindi^  safety  vMlvss 
Any  of  the  above 


While  cleaning  the  cylinder  ports  of  an 
engine*  you  can  prevent  carbon  from 
entering  the  cylinder  by  jacking  the 
engine  until  the  piston  covers  the  ports. 


Lemming  Objective:  Identify 
•yvptoas  of  engine  trouble  with 
their  essociated  corrective 
actions*    Textbook  pages  ^80 
through  2^2. 


9:^39.   The  color  of  th«  a^iAAuat  siM^  of  an 

..  engine  can  be  vmmi  as  aa  aid      i^ileli  of 
thm  following  circymtaiieaa? 

1.  Troublaahootiog 

.  2*  Ikitezmiiaat  •og^  pwfortaa^ 

3'  fiatatwLniiis  Mxlam  MS;bui  troublta 

4*  All  of  tba  abonv 


Teaming  IK^ctivei  Idemtify 
poaaibla  du|Mi]ira  md  tr<Hd»laa 
aaaociated  wiui  gaaolin*  M^gines 
and  deaoriba  tba  nwasaary 
corre<£t:ive  act  Ira  •  texttmrfc 
pages  2g2  through  286.  , 


»-40. 


9-41  • 


9-42. 


9-43. 


M  plosion  «ay  occur  if  a  4;lgaxatta  la 
lit  near  a  atorage  battery  bi^auM  of 
the  praaanca  of 

1.  hydrpgan  gaa 

2.  carbon  aoMcalda 

3.  sulghu^c  acid 
4«  gaaoiSar^^f^oM 

failure  of  a  gaaollna  esigi^a  starting 
nctor  to  run  may  be  cauaad  by  corrodad» 
looas,  or  bvofnad  battery  tarsioals* 

When  the  starting  Motor  of  a  gsfolinf 
engine  tui^ia  but  falls  to  crank  the 
angina,  the  trouble  is  usually  found  in 
the 


1,  drive  aassably 

2,  engine  timing 

3,  fuel  system 

4«  ignition  system 


4 


Overprlfiing  a  gasoline  engine  can  result 

in 

1.  an  ovsrheated  engine 

2.  an  inoperative  fuel  pressurs  gage 

3.  stuck  piston  rings 

4.  ccrrodsd  piston  crowds 


9-38.    What  Kind  of  noise  will  most  likely  be 
comingN^rom  an  engine  operstlng  with  iT 
broken  4Pgine  part? 


Assjipa^^t 
%^^^itf6ni  fui 


"-that  you  sre  cbscking  lor  troubli 
fuel  systoi  that  hms  a  wobble  pun^^ 
It  the  pump  feels  or  sounds  dry,  where 
is  the  trouble  probebly  located? 


1.  Ratjiling 

2.  Clitking 
3*  Pounding 

4.  Knocking  (detonation) 


1.  In  the  carburetor 

2.  In  the  line  to  the  fuel  piu&p 

3.  In  the  fuel  pump 

4.  Between  the  fusl  pump'  and  the  supply 
tanks 
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isoition  itymtm  fails  to  itop,  irtuit  i« 

.1.  Coat^ct  mfitch  points  Bxm  op«n 

2.  Gtputu!  cocm«ctioix  iM  optii 

3.  CkmUct  iw^tch  ^^Oxitfi  Mtm  cloiad 
4*  lAttfiry  tftxwliuXji  «r«  buim^ 


briafiy  thi  •Isctrlcml  »y»t*ii  of 
•Mil  boatii  T«xtbook  pafM  286 
and  287. 


For  irti*t  pwpo»«  would  you  i«icr«At«  or 


1. 


a. 


a. 


4. 


To  M#ur«  tlMit  both  tho  difivifif  ao4 
tb«  Arivw  imit*  optrmtt  «t  thmit 
ms^t  miiidMLt  spMd«  — 
to  kMp  th«  driviai  uait  ftm 
bvor«pMdini 

to  kMp  tti*  drivAn/dair  froft 
o>rAy»potd1ng 
.  To  mmixm  that  both  tb«  ^l^^rliig  liolt 
and  tti«  drliroti  mite  oparaVi  at 
aafa  apaada 


9-46. 


9-47. 


small  boat*!  alactrical  ayatas  ia 
usually  claaaad  aa  vhat  typa  of  wiring 
ay at OK?  'j 

1.  Sinsl<*^i^*»  groundad 

2.  Singla-%ilra«  ungroundad 

3.  Tvo-vira.  groundod  .  ' 
4^  Two-wira,  ungroundad 

Vbich  of  tha  folloirlng  circuits  ia/ara 
fua#d? 

k 

1«  Starting 

2.  Eattftty  charging 

3.  Radio  and  aignal  li^t 

4.  ^  Voltaga  ragulator 


Laaming  Objactivas  Explain 
faotora  concamad  in  tha  trans* 
aiaaion  of  angina  povar  and  solva 
4aar  ratio  problMa*  Taxtbook 
pagaa  288  and  289.' 


Tha  crankshaft  of  mx  angina  is^ittad 
with  a  driving  gasr  that  has  A«  ^••t^ 
and  a  drivah  gaar  with  40  taath*    If  tha 
driving  gsar  ia  turning  at  6»000  rp«t 
vhat  ia  tha  apaad  of  tha  drivan  gaar? 


N.. 


2. 
4. 


3»oaO  rp« 

4t006  rp« 

6fOOO  ri« 
8.CKK)  rpai 


9-52.    If  tha  driving  goat  h*«  *0  taath  and  tha 
drivan  gaar  haa  10  taath.  what  ia  tha 
apaad  of  tha  drivan  gaar  irtian  tha  driving 
gaar  turns  st  700  rpai? 


1. 
2. 

3. 
4. 


70 

17.5 
2^00 
2800 


rps 
rpa 


•  r^ 


9-53. 


9-48.    Torqua  1$  tha  forca  that  drlvaa  a  piston 
in  a  straight  lina. 

9-49.    Which  of  tha  following  functtpna  doaa  a 
gaar  or  cpa&lnation  of  gasra  tarva? 

1.  To  incraasa  or  dacraaaa  tftqua 

2.  To  incraasa  or  dacraaaa  a  \wiating 

forca  to  tha  drivan  unit 

3.  To  incraasa  or  dacraaaa  tba 
rotational  moval&ant  of  an  objact 

4.  Each  of  tha  abova  is  corract 


Gaar  trains  which  changa  apaad  alwaya 
changa  torqua;  whan  apaad  incr aaaaa,  tha 

tofqua  dactaasas  proportionally. 


^Laaming  Objactiva;    Liat  tha 
diffarant  typaa  of  driva 
aachanissa  and  thair  purpoaaa. 
Taxtbook  ^agas  289  through  293. 


9-54.    Which  of  tha  following  driva  »schaniams 
is  usually  usad  in  powsr  plants  that 
always  oparata  at  a  conatant  apaad  and 
torqua? 

1.    Indiract  driva 
'2.    RaductioQ  gaar  driva 

3.  Elactric  driva 

4.  Dlract  driva 


4 
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9^55«    tocklttg  damx  Kavy  boats  im  u«ts«Uy  4cm« 
by  r«v«r«ing  thm 

1.  ;  pit:ch  of  th«prop«ll«r 

2.  dir*cti|Ci  of  r^mtioa  of  thm 
pTopmilMx  ib*f  t 

3.  po«it4^  Pf  tba  snglM  rftl«tiv«  to 
thfi  pcopftll«r  Abaft       '  . 

.4.    rotacion  of  thm  angixw  craakshaft 


9-56* 


9-57. 


9-58. 


9-59. 


9-60. 


9-61. 


ERLC 


0^  fiiiuitloa  of  tb«  clutdi  tbm  drivir 
Mcbasiiw  of  «  {>oii«r  boat  ia  to 

li.    p«r^t  chi(^«s  in  s«^^  ratio 

2.    r6v«r««  tbt  pitch  of  th«  proiNtllar 

3*    ditcoimacl:  tba  sjo^itia  f rc^n  thm  ^ 

propallftt  shaft 
4.    iTfvsras  ths  dirsctioa  of  asigias 

rotstioa 

txk  flgura  14-2  of  tb«  tsxtboc^»  %rfasrs  is 
tht  rsduction  gsar  unit  l^i^catad? 


9^2«    Vhieh  of  ths  f oUcnriim  mstarii^ls  is  us«4 
to  Mks  tl^  flaxibls  al«ssiit  that  joix&s 
tha  solid  halvas  of  4  f  Isjuibla  coii()Iii2«? 

^  ■  ■ 

1«  KaoprittM  - 

2*  RiAbsr  4 

3*  St^  springs  ■ 

4.  Aa&y  of  tha  show 


jLaamlaft  Objsctiva:  Xd«atlfy 
clutchas  st&d  ravsraa  asad  riNiuctjtoa 
gaats  with  thslr  purpaass  snd  typas. 
List  ^cMs  of  ths  troublM  that  ara 
ssico^ntsr^  with  cXutehM«  Tsst--* 
Itook  pagss  294  through  299. 


9-63. 


1. 
2. 

3. 
4t 


In  ths  clutch  housing 
To  ths  rsar       ths  dri»  > 
In  ths  ravsrsc  gaar  housl^ 
Undsr  tha  braks  bank  «  / 


In  ths  COD06  systsa  shovn  in  f igurs  14-3 
of  ths  taxtbook,  wbsrs  srs  |ka  gsj^^turbina 
clutchss  locatsd?  ^  *^ 

!•  On  ths  propsllsr  shafts 

2.  At  ths  C4-rst  reduction  gesr  ^ 

3«  At  tha  sacond  rsduction  gssr 

4*  At  ths  gss  turbins  ^ 

In  s  distfsl-slsctric  drivsn  ship^  to  what 
srs  ths  diessl  sngines  connected? 

1.  To  ths  propeller 

2.  To  ths  fliotor 

3*    To  ths  gsnsrstor 

4«    Any  of  the  sbovs        be  correct 

The  dieasl-elsctric  plant  can  be 
controllsd  slectrically.    With  this  type 
of  control  aystea,  vhich  of  the  following 
advantages  is  obtained? 

1.  Full  power  reverse 

2.  Higher  speedii  forward 

3.  Eoth  1  and  2  are  correct 

4-    aeaote  control  from  the  bridge 

In  a  dieael-elsctric  drive  installation,^ 
propsllsr  rotation  is  reversed  by 
reversing  the  flow  of  current  through 
ths  driving  motor.  ' 


9-64. 


9h65, 


9-66, 


9-67, 
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By  what  aaans  ars  loir  propallsr^shaft 
spaeds  c^tainad  in  t^ts  powsrsd  by 
high^spMd  snglnss?  '  ^ 

1.  Clutchas  ,  . 

2.  RsvsrBs  gsars 

3.  Rsductlon^^ssrs 

4.  Pitch-*changing  devicsa 

What  typs  of  clutch  is  ussd  in  ths  clutch 
assttibly  of  ths  Gray  Harlna  |;ransadssion' 
Aschanlaa? 

1.  Dry-typs»  singls-^disk 

2.  Dry- typs ^  twin-disk 

3.  Wst-typs,  singls-disk 

4.  Wst-typs»  twin^disk  ' 

Tha  operator  /controls  the  direction  that 
the  Gray  Marine  engine  turns  ths  \ 
propsllsr  shsft  by  shifting  the  position 
of  the 

1.  rsverse  plate 

2.  ^  forward  plate  ^ 

3.  floating  plate  '  ' 

4.  neutral  plats 

The  front  plats  of  the  Gray  Marine  engine 
transmission  tuechaniaa  ia  bolted  to  and 
rotates  with  the 

1.  forward  disk 

2.  engine  flywheel 

3»     forward  sleeve  shaft 
4.     reverse  \iisk 

K  reverse  operation  of  the  shaft  and 
propeller  driven  by  the  Gray  Marine  • 
engine  ia  accomplished  by 

1.     reversing  the  crankshaft  rotation 
2p     engaging  tha  reverse  disk  and  gear 
train  * 

3.  reversing  the  forward  disk  rotation 

4.  ^^everslng  the  back  plate 


9^6A.    How  is  th«  r*vsrs'ing  gMr  imlt 
lubricaUi?  . 

1,  By  oil  prM«u/e  from  pxm  raginft 

2.  By  it»  own  aplMh  iiyttM 
3;   By  greuft  fittings 

4.    By  both  2  and  3  a1>ov«  ,  ' 

9-69.   >Hhich  of  thm  fojloiriag  faults  will  cmuss 
c\utch  slippage?  ^ 

1.  Insufficisnt,  prsssurs 

2.  Overload 
^    3.  Foulittg 

4.    Each  of  the  above  9-73, 

9-70*  In  the  twin-disk  clutch,  if  a  spring 
tester  is  not  availeljle,  how  can  you 
check  the  springs?  ^ 

1.  Check  the  diMeter 

2.  Check  the  free  le^igths 

3-  Use  scales   #  9-7^^ 

4.  Check  the  coopressed  length 

9-71.    Which  of  the  following  actions  was 

probably  the  source  of  slippage,  due  to 
fouling,  of  a  recently  overhauled 
dry- type  clutch?  \ 


1, 

J. 
4. 


Engaging  the  clutcti^ile  the  engine 
was  racing  «^ 
Handling  the  clutch  facings  with 
greasy  hands 
Overloading  the  engine 
Nicking  ot  scoring  ths  clutch  facings 


Assvwi  that  a  dry-type  clutch  devalopa 
excessive  clutch  chatter.    Vhmk  you  open 
up  the  Amit,  ;you  fi^  that  tha  lininga 
have  been  fouled  by  graaae.   How  dp  you 
correct  the  trouble?  . 

X.    Wipe  the  grease  off  the  linings  with 
a  clean  dry  rag 

2.  Soak  the  linisigi  in  karoaane  to  ^ 
dissolve  the  greaaa 

3.  Clean  the  greass  off  the  linings 
^  with  >ot  soapy  watejr 

4.  Replace  the  clutch  linings 
•  ■ 

What  type  of  pressure  is  used  to  engage 
the  airf  lex  cliitcb? 

K   Spring  ^  - 

2.  Centrifugal 

3.  Air 

4.  Hydraulic 

In  the  air  flex  clutch,  aagsging  the 
reverse  clutch  causes  the  forward  pinion 

to  \  ,  ^ 

1.  continue  t^  rotate  in  the  sane 
direction  ^ 

2,  rotate  in  the  opposite  direction 

3,  etop  rotating 

4.  stop,  then  begin  again  tt?  rotate  in 
the  same  direction 
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AssignhfieM  10 


Traaiymlsslog  of  O^ine  Po^  and  Puatps  »qd  Valves 

Textbook  Afsigiosiut:    P4iig|«  299  through  331 


clutches  juad  reverse  end  i>educ- 
tion  gears  vlth  their  purposes 
^  aod  typ^.    List  some  of  the 
troublee  thet  ere  encountered 
with  clutches «    Textbook  pages 
^99  through  i07. 


10-2. 


10-3. 


10-4, 


Through  which  of  the  folldving  devices 
is  the  sirflex  clutch  controlled? 

1,  Air  bpx 

2  •  Air  check  vslve 

3.  Air  control  housing 

4.  Cone  clutch  • 

How  Quch  tii&e  is  r^qiiired  to  deflete  a  , 
clutch,  in  the,  air  flex  clutch  assoably? 

1.  2  sec  ' 

2.  7  sec    .  ^ 

3.  12  sec 

4.  17  sec- 

The  emptying  holes  in  the  rotor  housing 
of  a  hydraulic  coupling  are  opened  and 
closed  by  the 

1.  drive  shaft 

2.  ring  valve  aechaniso 

3.  Impeller 

4*  oil  seal  ^ 

The  scoop  tubes  in  the  scocp  control 
coupling  found  in  Navy  hydraulic 
exigines  are  operated  from  the  control' 
stand  by  means  of 

1.  motors  \ 

2 .  1 Inkages 

3.  gravity 
4 ♦  pumps 


lQ-6. 


10-7, 


10-8. 


10-5.    The  secoodery  rotor^^fc^  hydraulic  . 
coupling  always  rotates^  a  spj 
that  141        .  ^  •  ^ 

1.  grj-atet  thaa  that  of  the  prlsutry 
rotor 

2.  equal  to  tlje  speed  of  tWpriaary 
rotoK^^-^ 

3.  less  than  that  of  the  primary 
rotor 

4.  equal  to  or  less  than  the  speed 
.  of  the  primary  rotor 


What  generally  causes  a  hy4raulic 
coupling  to  duap  when  under  a  load? 

1.  .  Excessivi^  pressure 

2.  Low  teiiperatures 

3.  Foule4  oil  systm 

4.  Fluid*  friction 

Assuae  that  a^  induction  coupling  is 
being  used  in  a  propulsion  jsy^ 
wherein  a  shaft  is  driven  by  either 
a  forward  or  a  reverse  running  engine. 
Advantages  to  be  gained  by  the  u\e  of 
the  iiuiuctioq  coupling  include  thi 
capability  to  do  which  of  the  following? 


1, 
2. 
3, 
4. 


Disconnect  instantaneously  either 
engine^reaa  the  shaft 
, Sei^«  either  engine  to  drive  the 
shaft" 

Limit  the  maximum  torque  whenever 
either  engine  is  overloaded  . 
Do  all  of  the  above 


VHiat  ad^^i^tage  is  gained  by  an  installa- 
tion that  uses  both  a  dog  clutch  and  a 
friction  clutch? 


/ 


1, 


2, 


The  friction  surfa^^es  can  buy 
, constructed  of  the  same  mate^al 
Speed  control  as  fine  as  that 
available  frois  an  electromagnetic 
clutch  can  be  obtained 
Torsional  vibration  is  completely 
eliminated 

The  wear  on  the  friction  clutch  is 
very  stJiall 
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\  ■ 

\  . 


L«*rtilng  Objective  J    Explaia  the 
purpose  of  thrust  bearings  •  Describe 
bow  shaft  bearings  are  in«tall«rf. 
Textbook  pagee  307-309, 


»    .10-9.    Whete  ie  the  bearing  of  the  Kingabury 
thruat  bearing  inatalled? 

1.  In  the  reduction  gear  . 

2  .  In  the  clutch 

3.  Fixed  to  the  ship^s  frame 

4,  Fixed  to  the  propeller  ^i^ft 

10-10 /  What  type  of  pressure  is  taken  by  the^ 
Kingsbury  thrust? 

1.  Radi^al- 

2.  Axial 

3.  Centrifugal  ' 

4.  Fneuxaatic  "  ^ 

10-11.    In  the  Kingsbury  thrust  b^a^ing,  the 
'collar  is  part  of  the 

**1.  bearing 

2.  propeller 

3 .  housing 

4.  clutch 

10-12.    Ho^are  spring  bearings  lubricated? 


1.  Oil  pressure 

2.  Splash 

3.  Ring  oiled 

4^.  Grease  Sittings 


10^13. 


The  strut  bearing  is  a  shaft  bearing 

that  is  located  outside  of  the  skin 

of  the  ship.     By  what  is  it  lubricated?  , 

1.  Oil  splash 

2.  •  Water 

3.  Oil  pressure 

4.  grease  fittings 


10-15*  Which  of  the  following  is  an  advantage,, 
\  of  the  controllable  pitch  propeller? 

\  1.  *  It  eliminates  the  need  for.  a 

reverses  gear 
\  2,/  It  can'  be  reaotely  controlled. 

3.    It  can  be  used  with  high  horsepowW 
-  gas  uurbines 
V        4*    Each  of  the  above  Is  correct 


.  Learning  J2h^ eciiJ^vei  List  the   

different,  types  of  pumps  with  their 
uses  and  operating  procedures. 
Identify  their  basic  parts.  Text- 
book pages  311  through  326* 


10-^16.    The  positlve-displacesaent  rotary  pump 
is  capable  of  which  of  the  following 
actions?  . 

;  ,  .  .  ■  .       ^  .   ■     I  • 

1.  Raising  fluids  a  fixed  distance 
through  a  pair  of  rotating  screws 

2.  Raising  a  fluid  betweenjfialnia^ 
locate  on  different  levels 

3>,    Transferring  a  fixed  amount  of 

fluid  with  each  revolution  of  its 
shaft 

4,    Transferring  fluids  between  two 
fixed  points  located  on  the  same 
level  — ^ 
'      ■  ^  • 

16-17*    Slippage  in  a  rotating  pump  refers  to 
the 

1.  leakage  of  liquid ^bejng  pumped 
frc^  the  discharge  to  the  suction 
side  .of  the  pump 

2,  loss  in  capacity  due  to  viscosity 
/    of  the  liquid  being  pumpW 

3.  clearance  between  the  moving , and 
stationary-  parts 

4,  improper  assenbly  of  the  pump 
parts 

10-18.     An  advantage  of  the  herringbone  gear 

pump  over  the  simple  gear  pmp  is  that 
the  herringbone  is  capable  of 


Learning  Objective:     List  the 
advantages  of  and  describe  the 
operation  of  a  controllable  pitch 
propeller.     Textbook  pages  309 
and  310, 


10-14 •    Reverse  gears  are  required  with 

controllable-pitch  propellers  because 
pitch  changes  apply  to  forward 
maneuvering  only. 


1.  maintaining  a  steadier  speed 

2,  producing  a  fimoother  discharge 
flow 

3,  operating  for  longer  periods  of 
tijne  ^ 

4.  delivering  liquids  over  greater 
distances 
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I0*l$t    In  the  htlical  g^r  puapp  irtuit 

prcvmts  m#tml  to  vrntml  contact  of 


1^  -Th^  roller  beai:iiigs 
2.    Th^  timing  g«ar,  . 
3V   A  stuffing  box 
4*    A  helical  gMT 


For  the  helical  puap,  in  iting  10-20  ftpid  10-21 
match  tim  function  in  colnon  f  vitb  the 
part  in  coluum  B. 


At  Function 

10-20<    Kaintaih  align- 
ment 

10-21.    Prevent  lealcage 
at  shaft 


B.  Part 

1«    Tiding  gear 

2.  Roller  bak- 
ings 

3.  '    Stuff ijxg  box- 

4.  Helical  gear 


10-22'.    Which  type  of  pump  haa  tw  pairs  of 

«screv8  mounted  on  two.  parallel  shaf  ts» 
r>  ^ne  shaft  driving  the  other  through 
a  bM.  of  herringbone  gears? 

-   1.  High  pitch>  douaSlc^screw  pump 

.2.  High  pitch,  triple-screw  pump 

3.  Low  pitch,  double-^screw  ptcap  g 

4.  Low  pitch,  trlplc-screw  pump 

10-23.  The  pftch  of  the  screws  in  the  triple- 
screw,  high-pitch  pump  is  longer  than  . 
in  the  low-pitch,  double-screw  pump. 

10-24.    asn  the  triple-screw,  high-pitch  pump* 
what  design  feature  enable^  the  center 
screw  to  act  as  the  power  5r  driving 
rotor  and  eliminates  the  need  for 
^  timing  gesrs?' 

1.,     Location  of  the.  suction  inlets  and 

discharge  parts; 
2..^  Difference  In  diameter  of  the 

center  screw  and  the  idlers 

3.  Shorter  pitch  of  the. screws 

4.  Longer  pithh  of  the  screws 


^     The  starting  procedure  for  a  rotary  /■ 
pump  containa  t^ie  fdlowix^  steps. 

K»    OpTO  pump  discharge  valve 

S.    FiU  oil  cupa,  check  x>il  level 

Op«n  jHsap  wction  valvar  \ 

D.    Start  the  drive  motor^ 

£. .  Qmok  the  lubricating  pressure 

Open  valves  on  pump  pack  gland 
seals..  . 

G.    Lift  alV.reiief  and  sentinel 
valves  hy  hand 

10-25.    Arrange  t:he  steps  in  the  starting 
:   procedures  of  a  rotary  pump  in 
•  sequence. 

1*    E»  F,  G,  A,  C»  n,  B 
2.    G,  B.  F,  A,  C,  E,  0 
'      3.  '  B,  F,  G,  A,  C,  D,  E  . 
^        4,    B,  F,  G,  C,  A,  £, ,D 

10-26.    You  are  placing  in  operation  a- 

p<?5itive-^isplacement  rptary  ^ump 
that  has  a  valve  on  the  packing  gland 
seal.    Which  of  the  following  steps 
•     do  you  take  after,  a tar ting  the  driving 
'  unit?. 

1.  Close  the  valve  on  the  pump  pack- 
ing glaxki  seal    '  ' 

2.  Check  the  lubricating  syataa  to 
ensure  proper  pressures  and 
lubrication  of  all  bearings 

3.  Close  the  check  valve  on  the 
discharge  side  of  the  pump  to  . 

-  prevent  over speeding 

4.  Close  the  pump  discharge  valve 

10-1^27;    You  have  started  a  .rotary  pump  but  it 
does  not  build  up  a  noirmal  pressure. 
You  stop  the  pump,  inspect  all^  the 
valves,  and  start  the  pump  again. 
After  the  pump  is  running  at  its 
cprrect  speed,  the  vacuum  gage  reads 
only  6  inches  of  mercury,     Thfe  failure 
'  of  th^  pump  to  build  up  a  normal  ^ 
pressure  is  caused  by 

1.  an  obstruction  in  the  suction 
lin^s  ' 

2.  air  leaking  into  the  pump  suction 

3.  an  open  discharge  line 

4.  failure  to  prime  the  pump 


■A 


10-28- 


10-29'. 


If  a  fuel  oil "tank  drain  pimp  is  being 
tested  with  the  suction  valv«  closed, 
which  of  the'following  is  &n  iirfica- 
tion  to  replace  weariag  riags? 

1.  Found iug 

2.  Le98  than  6  inches  of  vacuum 

3.  16  inches  of  vacuum 

4 .  lAck  oi  discharge 

When  checking  thrust  bearings  and  the 
rotor  position  of  a  pump*  what  allowance 
should  you  make? 

1.  For  future  wear  of  ihe  bearings 

2.  For  expansion  of  the  shaft  under 
hot  running  conditions 

3.  For  slight  misalignments 

4-    For  looseness  of  the  keys  holdi^ 
the  rotors  in  the  shafts  fitted 
with  timing ^gears' 

Assxime  that  you  are  assigned  to  take 
care  of  a  pump  that  Is  connecteS  to 
its  driving  unit  by  a  flexible  coupling 
with  self-contained  lubricant.  How' 
can  you  reduce  wear  on  the  coupling? 

1,  Ensure  that  the  pump  and  driving 
unit  are ^properly  aligned 

2,  Keep  the  coupling  filled  with 
lubricant  <  ' 

3,  Do  both  1  and  2  above 

4-  ,  Ensure  that  the  water  f lingers 
are  tightly  fitted  to  the  pump 
shaft 


10-31.    Before  you  try  to  jack  over  a  pump  by 
hand  you  must  be  sure  tha,t  the 

1,    tlwrottle  valve  is  open 
2-    exhaust  valve  is  open 
3,    power  is  off 

4-    constant-pressure  governor  is 
properly  set 


10-33. 


10-30, 


10-34. 


10-^35. 


10-32. 


A  liquid  Is  being  transferred  by  means 
of  a  Centrifugal  pump.    When  the  volute 
of  Jtjfe  pump  causes  the  velocity  of  the 
li^ld  to  decrease,  the  result  is  a/an 

1.  decrease  in  pressure 

2.  increase  in  pressure 

3.  'decrease  in  potential  energy 

4.  increase  in  kinetic  energy 


10-36. 


^  \  Figure  ici-A         J  .  ; 

When  water  is  being  pumped,  the  func- 
tion of  the  diffuser  vanes  in  figure 
10-A  is  to 

1.  increase  the  velocity  of  the  wAter 
'2.    distribute,  the  water  among  the 

impeller  blades 
3-    decre«kse  the  velocity  of  the  water 
4.    diffuse  heat  product  by  the  pump 

Since  a  dduble-suction  Impelfer  * 
centrifugal  pump  serves  to  admit  fluid 
from  two  directions,,  it  can  be  classed 
as  a  multistage  pump. 

Very  close  clearances  between  the 
impeller  and  the  pump  casing  of  a 
centrifugal  pump  are  necessary  to 

'^1.    prevent  excessive  wear  without 
reducing  the  operating  speed  of 
the  pump        ,  ^  , 

,2.    afford  proper  lubrication  without 
wasting  lubricating  oil 

3.  prevent  the  pump  from  becoming 
vapor -bound 

4.  keep  liquid  from- leaking  t6  tfii 
suction  side  from  the  discharge^ 
side 


centrifugal  pumps 
d  for  renewing  worn 
p  casings? 


What  feature  o 
reduces  the  ne 
impellet-s^nd  p 

j\ 

Close  radiial  clearance  between 
impeller  hul^  ai^  casing 

2.  Low  rotational  speed  of  impeller 

3.  "    Removable  et^  plate 

4.  Replaceable  wearing  rings 
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ovwhutiQg  of  « 


10-37 1   WMch-6if$^«  foHoid.ng^d«vicfi«  are 


qp^iia^  «y#t»M  of  a'  latga  dlmaia  m^Im 

to  viia:«M.^ 
following  troublM  ypuld  ym  mi9ifMQ.t 


.     -I.  RicirculntiAg  lixiUM 

.2.  *  Auapiliar^  putlft* 

3«  CABing  drains 

-4  .  Guida  Vjm(^^ 

10-38*    A  tlight  trickle  of  vitar  ceding  out 
of  tb«  stuffing  box  or  «eja  of  a 
iP^trifugal  pump  whiia  the  pmap  in 
operation  lad  icataa  ^ 

!•    a  acor^  abaft 
^2.    a  brokai];  a^l 
3.    ptppar  geal  lubrication  '  ^ 

■  ■    4.  .  ^iaaufficii^t  packing  ^ 

10^39.    What  la  the  function  of  "the  water  " 
flin;gar8  installed  on  centrifugel. 
.  :  pump  ghaf  t»  near  the  stuffing  box 
•  gland?  ■  ' 

< 

1.  They  prevent  tEe.  packing  from 
drying  out  ^  ^ 

2.  They  keep  the  etuffiog  box  packing 
C{^preaai8d 

3.  They  keep  the  fit.  between  the  abaft 
and  the  shaft,  sl^eeves  tight 

4.  They  keep  water  fro©  runnii^  alojxg 
the.  shaft  end  getting  into  the 
bearing  housings' 

10-40:    MisalignDient  of  the  driving  and  driven 
i     units  connected  by  a  flange  coupling 

is  indidatfed  by  which  of  fhe  following 
^       sytaptows?  '  ^  - 


I*  Abnormal  noises 

2.  Worn  bearings 

3.  Abnormal  temperatures 

4.  Any  of.  the  above 

When  Using  a  6-inch  scule  or  a  thick- 
ness gage  to  check  pump  alignment,  at 
what  intervals  around  the  flanges  of 
a  shaft  coupling  s!K)uld  you  measure? 


Unibalahc#d  lupallar  dim  to  partial  - 
dogginiK^       %  , 
Air  in  the  water     ^  />     .  : 

Inaufflcittat  s^iMi 
Incorrect  diacharga  vi^vaa.  open  *in  ' 
wmtfold 


3. 
•4, 


*  10-43,    The  casing  ai^  iapellar  wearing  rings 
of  a  cantrifugfl  pusp  sarve  to 

X.    Blnimise  internal  bypassing  of 

fluid  .  ^  ^       ^  - 

2*    iKHiae  the  lApellfra 

3.  prevent  air  frois  being  dtavn  into 
the  suction  line  ' 

4.  reinforce  the  iap^lers  and  pravent 
undue  wear  and  strain 

■*  '  "       *  .  i" 

10-44*    Excessive  wear  of  thecaiing  wearing 

ring  and  iapeller  ring  of  a  centrifugal 
puap'is  caused  by  operatii^  the  pump 

with 

1.    badly  scored  shaft  sleeves 
2^    eofcessive  diachkrge  preaaura 

3.  high  vacuum 

4.  s  badly  worn  sleeve  bearing  ^ 


10-45, 


1^0-41. 


.1- 

3. 

4,. 


60* 

120^ 
ISO** 


10-46. 


You  can  distinguish  batween  (A)  the 
radisl-jsiston -variable  stroke  pump 
and  (B)  the  axiai-piston  variable,. 
"Stroke  pump  by  comparing 
* 

1.    driving  units:    (A)  usee  a  steam 
turbine,  (B)  .uses  a^^electric  motor 

?.    types  of  piston  motions:'  (A)  has 
recipro<;L|iting,  (B)  has  rj^tary  * 

3.  piston  arrang^ents  around  the  pump 
shaft:     (A)  is  like  the '.spokes  of 

M  wheel/  (B)  is  like  the  cylinder 
of  a  fully  loaded  revolver' 

4,  directions  of  shaft  rotation i  (A) 
turns  Clockwise,  (B)  turns  counter- 
clockwise 

When  the  tilting  block, of  a  rotating 
axial-piston  variable  strokp  pump  is 
NOT  at  right  angles  to  the  shaft,  which  ^ 
of  the  following  conditions  exists? 


1.  Liquid  is  being  pumped'  .  . 

2.  *.   Liquid  is  not  being  pumped 

3.  Pump  pistons  are  rotating  about  the 
uiaih  shaft  * 

4..    Pump  pistons  are  not  reclprc«5ating 
ir^side  their  cylinders 
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10-47  •    T^d^x^m  tbk  $moimt  of  f  Xov  of  a 

it  1«  nmc:m$Mxy  to  chMg«rtlMi  £k)sitioQ 

.     ;   •  of  the 

1.    tilting  iKMc  .  ,         •  !    .  , 

.2,   .flouting  ri»it  ^  % 

3.  alActric  aotor  control 

4,  ctatrml  cylinder  v«lv« 

■    .■       --^  ■ 
10-48^  .  Whieh  part  of  m  jat  iHtfip  aut 

replaced  m  m  ruolt  of  excu«iv«  , 

* 

1*    Discharge  lioa 

3.    Stxction  line 
4*    Suction  cliasbar 


Learning  Objective:    Ideati'fy  / 
different  types  of  valvea  With 
their  maintenance  procedures  ax^ 
appLlcations.    textbook  pages  . 
326^hrough  331. 


Vithnhich  of  the  f Qlloiiii&s  i:«^air 
proceasM  are  ftpi»:6ved  j^raaiVe  < 
'  ^  cosMpouside  iUMNl  to  recondition  ^m(tn 
'  aski  disks  of  g:U>be  vmlvaat  % 

1»  Machii^iiig 

.  ■        ming  ■        .  "  ■ 

^  3.    Safacing  or  rMMting 
4.    Lapping  or  griiidii^«^in 


:10-53. 


Hoif  wida  ia  the  valve  saat  of  a  3^ixic|!i 
valval 


2. 
3. 


1/16  in. 
3/32  in. 
1/8  -la. 
3/16  in. 


•i 


10-54. 


10-49 «    Before  repairing  the  seat  Mnd  disk  of  . 
a  gldbe  valve,  you  should  .detetaine 
that  which  of  the  folloerUg  condijipns 
.are  met?  ' 

■    1.    The  valve  stem  is  straight 
"2/^  The  disk  is  secured  rigidly  po 
the  valve  stem 

3.  The  Jtsk  ia  square  on  the  valve 
stem^  * 

4.  All  the  above 

10-50.    In  which  of  the  foHowing  processes  do  • 
you  remove  slight  irregularities  frc^ 
the  seat  -and  disk  of  a  globe  valvi*  hy 
applying  abrasive « compound  to  the  disk, 
then  rotating  the  disk  back  and  forth 
.over  the  seat? 

1.  Spotting-itf 

2.  '  Crying- in» 

3.  Lapping 

4.  Refacing 

10-51.  ffy  what  process ^  if  any*  can  over-^ 
grinding  of  a  valve  seat  or  disk  be 
corrected? 


The  second  digit  of  tha  lour  dl«it 
sysbol  used  by  Hav&l  Sea  Syateu 
Cona«nd  to  idimtify  packing  reprasents 

tha  . 

*  ■  '    '.       ■  ■      '  ■ 

1.  *  class  of  MxS^ca  of  the  packing 
\2,    style  of  thi  packing      v  ^ 
3v    composition  of  £he  packing  ^ 
4,    fom  of  the  pricking 


10-55/'  To  ensure  the  longest  period  of  useful- 
nesst  you  should  operate  a  gate  valve 
In  which  position?       .    .       *  ^ 

:  '  i 

1.  Partly  opened 

2.  Polly  opened 

3.  JPully  closed  ^ 

4.  Either. 2  or  3  above 

.  *■  ■  ^ 

10-56.    Which  of  the  following  i&ethodt  should 
"  '  you  use  to  recondition  the  lightly 

pitted-  seat  of  a  gate  valve  in  a 

piping  system? 

t 

!•     Raa&ove  the  valve  froci  the  system 
and  lap  the  seat  until  it  is  raooth 
and  even 

2t     Ramove  the  valve  from  the  system 
and  machine  to  , produce,  a  smooth 
•finish         ,  \ 

3.  Leave  the  valve  in  the  syst»o  and 
)  «  lap  the  seat  until  it  is  mooth 

and  even  •  ^/^ 

4,  Leave  tH,e  yalve  in  the'  system  and 
machine  no  more  of  -  the  seat  than- 

,  is  necessary  to  produce  a  smooth 

finish 


1 .  Machining 
a.  Lapping 
3. *  Spotting 
% .  None 


6 


1 


1Q-*S7»    Vt^n  %  plug-cock  valvi  in  A  <;0oli]sg 
Ijrs'tm  Is  Wag  Itibrioassdt  «Ii»t 
pri^utioa  mamt  b«  tnkatn  to  ptavnt 
the  lubricant  i^om  t^i^sg  forcad  loto^ 

X*         cb«ck  valvft  Muit  psrt^iAlXy 

2.    The  check  v«ly«  »u«t  be  either 
id4e  ^jMm  or  completely  doeed 
'3.    The  esmloe  must  ke  coe^Xetely 

■•  ■  ^    .stopped       •  ,  "  . 
^  ^«    The  preeeure  of  the  cooliiig  eystea 

.    ,  auet  be  low    .  - 

10-58.    Which  of  the  foUowisig  klx^e  of  v«lve« 
ere  ueuelly  ui»l  to  aeinteiii  an  even 
lubricetiog  oil  pressure  es  an  engine 
changes  speed? 


10-5$^   By  iritsat  eieans  is  the  resilient  pest  of 
the  butterfly  Valve,  held  In  place? 

!•  Coepreecion. 

2.  Cementing  or  bo^iug 

3«  Spring  pressuxe 

4*  Setscr^e- *_ 

10-613  •   You  csh  return  a' fully  opened  butterfly 
valve  to  its  fuiUy  closed  position  by 

1.  depreesing  a  puShhutton 

2,  turning  the  handle  one'<*fourth  of  a 
turn  ,      .     ,     •  '  ■ 

3«    lifting  .up  oik  the  handle  and 

releasing  it  quic}dy 
4.    pushing  in  on  the  hsndle'^and  holding 
^     it  in  posit i(^  for  e  secox^ 


!•  Qieck  valves 

2.  Pressure^regulating  jv^alves 

3i  Plug-cock  valves 

4*  Gate  valves 


\ 


Assignment  It 


Co»pr*g*<^  Air  SVsteias  «od  Dtttilliag  ?l«nta 
TfKtbook  AisisnsMUBtt    P«g«*  332  tiiroigh  360 


LMrtiiiig*  ObJ«ctiv«:    Point  out  tha 
cU««ificmtioM,  opmratiag.prixKiplM, 
^  ftod  fmxctioM  of  air  co«pr«Mi»or»  aod 
identify  tb«ir  coaipooent  parts.  ^ 
X«tbook  p4gf8  332  throuih  348  • 


11-1.    Aboard  fiavy  ghipn^  cewipre«8ftd  air  1« 
-  used  for  vMch  of  tha  following? 

.  1.  ,  Charging  and  firing  torpadoaa 

2,  Starting  ateam  turbines 

3.  Operating  hydraulic  tools 
,4.  All  of  the  above 

11-2 •    Air  compreasbra  :are  claselfied ^aa 

single-acting,  double-acting,  alngle- 
stage,  iflultiatage,  horizontal,^  axigle, 
and  vertical.  The  coapreaaor  "shown  f 
view  E,  figure  16-1,  of  your  textbook 


11-5.    What  ia  the.uaual  adurce  of  pcmmt  ot 
operating  air  cc^reaiK>ri  aboard  ahi|^? 

1/  Steaa  turbiuea  ^ 

2,  Intemal-coaO^iation  engiaaa 

*  3,  Sl«:tric  motora  ^ 

^.  HeeiprocatiJEig  ateap  englnee 

11-6.    What  device  ia  generelly  uaiid  tp  comte^^t 
^he  aburce  of  pon«r  to  an-air  cowpreaaor 
when  the  apeed  of  the  driving  unit  and* 
cc^reaaor  ia  the  sa'tte? 

1.  Rigid  coupling 

2.  Flexible  coupling  - 

^      3.    V-belt        -  ; 
4.    Reduction  ^ear  »ech«n|a« 

11-7.    A  »©diu»-pre8sure  air  coaprstsaor  ia 
classified  as 


is  classified  as 

1.  multistage" 

2.  horixontal 

3-  double-acting 

4.,   angle  '  ' 

ll-3i'''^When  compreaslon  takes  place  in  both 
strokes  per  revolution  of *a  cyllndar, 
the  compressor  is  classified  as 

1.    single-stage  *  ^  . 

2. ,  multistage 

3.  single-acting 

4.  double-- acting  .  ^ 

11-4.    Which  type  of  air  coupressor  is 

generally  selected  ^ea  the  capacity 
and  pressure  requirements  are  2,000  cfm 
"  80  psl  respectively?. 


and 

1. 
2- 
3. 
4. 


Centrifugal 
Rec iproQ^ting 
Rotary 

Each  of -the  above 


1. 


tw 

disc 

less 


.^^b^e»  vertical  V-type,  with  a 
clll^e  pressure  of  150  pal  or 

2.  ^  tvo'stage,  vertical,?^  <i^^#  •ingle- 

acting,  with  a  discharge  pressure  of 
151  psi  to,  1,000  psi 

3.  three-stage,  vertical,  aingle-actiug 

with  a  discharge  pressure  of  1,500 
psi  or  higher 

4.  three-stag^,  vertical,  double-'actlng 
with  a  discharge  pressure  of  1,500 
psi  to  10,000  psl 

11--8,    Which  cylinder  arrangement  is' used  in 
two  stage ^  .W-type  air  compressors? 

1.  One  cylinder  per  stage 

2.  Two  cylli^ers  per  stage 

.3.    One  cylinder  for  the  first'  stage, 

two  cylinders  for  the  a^ond  stage 
4.    Two  cylinders  for  the  firat  stage, 
one  cylinder  for  the  second  st^^ 

11-9.  '  How  many  strokes  does  a  piaton  make  in 

its  cylinder  during  each  operating  cycle 
of  a  single-stage t  single-racting  air 
compressor? 


1 One 
2 .  Two 

4 .  Four* 
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11-11. 


11-12. 


Thft  air  ittl«t  valv«  of  a  sioala-Mtaga 
«ingl»-acting  r^ciprocatiog  air 
ct^tMfto;:  is  f oread  opan  by  tha 

■  ■  ,     ','  '  "  ■  ■ 

1.  aov^aieut  of  tha  piatt^o  aa  it  atarta 
tha  auction  atroka 

2.  fiovasent  of  tba  piston  aa  It  atarta 
tha  c^kqprassioQ  stroka 

3;  tha  dif  fcrfuica  in  f^raaaura.  producad 
by  tha  plst&n  as  it  abvaa  auay  txom 
TDC  •  \ 

4.    diffarance  in  praaaura  producad  by 
tha  piatOQ  as  i^  aovas  toysrd  IOC 

Whan  does  cylisidar  praasura  forca  opan 
tha  discharge  valva  of  a  alngle-staga, 
singla-*^cting  raciprocating  air 
coiapraasor? 

*        »    .  ■  ^  ■. 

1«  r  Whan  tha  piston  is  Hearing  the  end 
of  a  suction  atroka  ^"--^ 

2.  _  Whan  tha  piston  is  nesring  tha  end 

of  a  coaprassion  stroke 

3.  When  the  piston  is  starting  a 
suction  stroka 

'4-    Whan  the  piston  is  starting  a 
(:toapression  stroke 

The  coB^ressing  elaoant  of  sn  air 
coapjcssor  includss  all  of  the  follgwing 
parts  EXCEPT  the 

1.  cylinder 

2.  piston 

3-    air  valves  f    .  ' 

4.  unloaded 

The  operation  of  the  aatopaatic  valves  of 
an  air  compressor  is  initiated  by 

1.     an  air  pressure  differential 
2«     &  lack  o^  air  pressure 

3.  a  high  air  pressure 

4.  a  camming  action 

What  is  the  advantage  of  fitting  an  air 
compressor  with  a  differential  pistoii- 
and-cylinder  arrangement? 

1.  More  even  distribution  offside 
pressure  * 

2.  Less  heat  of  compression  to  dissipate 

3.  Single-stage  compression  by  a  lighter 
compressing  element 

4.  ^fuitistage  comprossiop  by  prte  piston 


11-15.     What  device  is  used  to  lubricate'  the 

high-pressure  air  compressor  cylinders? 

1,  Cylinder  splash  lubricator 

2.  Compressor  oil  pump 

3.  Adjustable  meclianical  force-feed 
lubricator 

4,  Sight-glass  oil  flow  indicator 


11-13. 


11-14, 


11-16.    k  faad  line  check  valva  pravanta 

cc^rasaad  air  frcni  forcing  Xuba  oil 
b^ck  into  tha  £orcad-f Md  lubricator 
of  am  ait:  coapraaaor*  / 

11-17.    Tha  cylinder  lubricator^ swat  ba  atartad 
bafora  tha  air  crapr^Mr  starts  upt 

11-18.    What  is  the  f  lov  path  of  lufeia  oil  tot 
nmnlng  gear  ia.  a  »0dara^air  . 
resaor?  * 


f 


Oil  auttp  to  filter  to  (!oolar»  than 
to  main  bearings »  spray  Qosalaa» 
and  outbcMtrd  baar^Aga. 
2,    Oil  at^  to  cGK}lar  to  main  baaringag 
than  to  filter!  aptay  mz^zimn^  and 
outboard  baaringa    \         *  ^ 
3«    Filter  to  cooler  to  aump,  than  to 
main  bearings,  apray  msaxlaSf  and 
outboard  bearings 
4.    Filter  to"  suap  to  cooler »  than  to 
main  bearings,  apray  noszlaap  and 
outboard bear  ings 


11-19«    What  is  the  cooling  ma4iuai  for  most 
high-  and  madiua«-praasura  air 
.  coBpra$8or8  aboard  ship? 

4>  Oil 

Zv  Saawatar 

3.  Frashwater 

4.  Eithar  2  or  3  abova 


11-20. 


11-21, 


Why  are  cylinders  btA  heads  of  soiaa 
shipboard  air  compressors  made  of 
brojjze  alloy? 

1.  To  promote  cooling 

2.  To  reduce  wear 

3.  To  minimize  corrosion 

4.  To  do  all  of  the  above 

What  is  the  function  of  the  intercoolers 

of  an  air  compragsoif? 

1*    To  remove  heat  generated  during 

compression  and  to  cbndansa  existing 

vapor 

2.  To  remove  h^at  froa  the  incoming 
vater  and  to  condense  existing  vapor 

3.  To  cool  the  air  before  compression 

4.  To  cool  the  air  after  the  final 
stage  of  compression 


if  k 
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il"23. 


il-24- 


11-25. 


11-26. 


11-27. 


Tti«  «dv#»t«s«ui  of  iiit*r»tag«  caoliog  In 
an  air  co«pr««*Qr  iiKluda  whlc^  of  the 
follovlug? 

1,  Increased  cf iactiven«M  la  piston 
aria  vsklvh  lubricatix>i^ 

2^    Eaductlon  In/aaoimt  of  power 
rtquirad  to  run^be  c(mpr«lsor 

3.  Raduction  in  aaouut  ^of  heat  to  be 
raaovad  by  the  cylinder  jackets 

4.  All?  of  the  lihove 

Baffle*  are  ueed  in  a  atraight  sheil'- 
and-tube  type  of  water^poled  ' 
intercoolera  to 

K    teraov'e  oil  conteminante  fro»  the  air 

2,  deflect  eir  ot  water  passing  through 
the  cooler 

3.  prevent  tht^  tube  nest  froia  expanding 

4.  prevent  the  tube  nest  from  ^ 
contracting 

By  what  means  do  the  separators  in  *' 
compressor  intercoolers  and  aftcrcooleYs 
remove  moisture jand  oil  from  the  sir 
stream?  ^ 

1.  Centrifugal  force 

2.  Impact 

3.  Sudden  changes  in  velocity 

4.  Ail  of  the  above  means 

The  qiiantity  of  water  that  passes, 
through  the  oil  cooler  can  NOT  be 
reguiatrf  without  c^an^ing  the  quantity 
that  passes  through  the  intercoolers. 

To  which  parts  of  a  compressed  air 
cooling  system  are  temperature-defecting 
.devices  fitted?  ^ — ^ 

1.  Circulating  water  inlet  and  outlet 
.   '  connections 

2.  Intake  and  discharge  of  each  stage 
of  compression  ; 

3.  Final  air  discharge  and  oil  reservoir 

4.  All  of  the  above 

.    The  control  system  for  an  electrically  • 
driven  reciprocating  air  compressor  will 
atop  the  compressor  automatically  when 
the  pressure*  in  the  receiver  causes  a 

1',  governor  valve  to  open 

2,  governor  valve  to  close 

3,  pressure  switch  to  open 

4,  pressure  switch  to  close 


11-28. 


11-29. 


11-30. 


The  aut<M»atic  •  ttffiperatura  uhutdoim  . 
d^^c«  of  a  high-pressuta  reciprocating 
air  c^ompjassor  functions  to  atop  tS^ . 
compressor  whan  tha  ■   .  ^ 

t, 

1.  accu^tlator  temperature  rises  a  • 
pradataufdaad  amount 

2 .  accusRjdator  tMpatatora  d^opa  a 
\  pr^ate^inad  aa»unt 

3.  cooling  water  temperature  jrlaes 
above  a  preset  limit 

4.  cooling  water  t«iaH>ar3Jur«  dtopa 
below  a  preiset  l^mft  ^ 

What  ia  the  function  of  the  aut<M»atic 
unloading  system  on  an  air  Compressor 
unit?. 

^'  ' 

1,  To  remove  the  compression  load, 
while  it  is  starting  / 

2,  To  apply  .tha  ccMiprassion  load  softer 
it  reaches  operating  speed 

3,  To  do  both  1  and  2  above 

4,  "^o  remove  the  friction  load  after 

ik  is  started 

Which  of  the  following  methods  is  used 
" to  unload  an  air  compressor? 


1. 

2. 
3. 


Holding  intake  valves  closed 
f Closing  cylinder  clearance  pockets 
Venting  intercoolers  to  the 
atmosphere 
Each  of  the  above 


11-31.    The  rotary-centrifygal  cdmpressor  is 
usually  used  to  supply 

1.  high-'pressure,  nonoil-free  air 

2.  low-pressure,  a4^-free  air 

3.  bigh-'pressure,  oil-free  air 

4.  low-pressure,  nonoil-free  air 


11-32. 


Which  of  the  following  causes  the  air 
to  compress  in  the  rotary-centrifugal 
compressor? 

1;  Water 

2.  *^  Centrifugai  force 

3.  Impdller 

4.  Pistjon  ' 

Which^f  the  following  is  a  function  of 
the  air  receiver  in  an  air  compressor 
system^ 

1.  To  cool  the  air 

2,  To  reduce  pressure  variations 

3,  To  do  both  1  and  2  above 

4.  To  filter  the  air  of  moisture  and 
oil 
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ll*^3S«.   Ubm  tMo  or  movm  mix  flMloi  m«« 

comuictod  t0g«thtr  thmy  cm«titut«  a 
Mnlfold. 


Lesnxins  Object iv« I  *^Id«atify 
plpixig  sy^lt  Md  traca  co^pruMd 
.sir  llsuui      will  ««  point  out  the 
nf f (icts  of  throttling*  t«Ktbo6k 
p«$««  34S  through  350* 


11-36.    Which  of  th«  foUotring  i«  s  r«li«f 
.  valViB? 


11^0. 


11-41. 


11-42. 


11-37.    In  figure  16-lSA  of  th«  i«ct^  what  ia 
tha  air  praaaura  of  tha  ahip*g  service 
lovr-praasure  air? 

1.  .3,000  psi 

2.  150  psi 

3.  168  psi  . 

4.  180  psi 

11-38,    Which  of  the  following  is  tha  symbol  for 
a  locked  open  globe  valve? 


11-43, 


Which  of  >ha  f  ollMlag  ayatMi  la 
Mppliad  aoiivitai  aiif? 

l./  AutoflMitic  boiler  control 

24  Ttetar  level  control 

3  *    Air  pilot*^parat «4  control  valvaa 

4«    Laundry  a^ulpe^^ 

f  "  .  .,  , 

What  typ«*  of  cc^raaaor  ia  uaed  t;o 
wppl^  air  to  the  prairl«r-«aakAr 
ayatatt?  - 1  ■ 

1.  '  Turbocoeipreaiwjr  ^ 

2.  Mai^latage  ccmprassor 

3.  Angle  cottpraaior 

4.  Vertical  coapreaesor 

Wh«s  a  large  ^oluia  of  high-prlaaura 
air  la  throttled  to  a  low  praai^ret 
the  throttling  valve  suiy  bacoffe  ^rcdsan. 
What'cauaes  the  frieaing? 

1.  Charlaa'  effect 

2.  Ventu;ri  affect 

3.  Herbat  affect        *  \ 

4.  Boyle's  affect  , 

What  type  of  dryer  or  daaiccant 
dehydrator  does  HOT  raqaire  heat  or  a 
separate  heat  source?  ' 


1,  Boss*  dryer 

2,.  Mueller 'a  dryer 

3 .  Heat-Les  dryer 

4*  Heat-Lyn  dryer 


1. 

2. 


3^  C:2c^J. 

11-3^.    Which  of  the  following  is  the  gyiabol 
for  a  differential  pressure  gage? 


1 
2, 
3. 
4. 


■  -Q- 


Learning  Objective:  Identify 
effective  Inapection^aod  uinte- 
nance  procedures »  troubleshooting 
procedures,  and  applicable  safety 
precabtions.    Textbook  pages  351 
through  354. 


11-44.    The  Maintenancf  Index  Page  (KIP) 

indicates  the  various  maintenance^ tasks, 
the  rating  responsible  for  performing 
the  tasks »  and  the/ time  required  for 
the  tasks.    How  long  should  it  take  to 
alean  the  air  intake  filter? 


x: 

2. 
3. 
4. 


1 .0  man-hour 
0.2  man-hour 
0.5  man-hour 
1.5  man-hours 


03/ 


Ik 


\ 


n 


how  oft»o  ■hooid  th»  cjrankcA^  o 

!♦  Hourly 

2.  Ev«ry  4  boars 

3.  Ev«ry  24  bour« 

4.  W«*kXy     '  . 

11-46.    HApid  pr««»uriiMttJLon  t4th  high-prM»ir§ 
«lr  Bi^y  g«a«r«t«  h«At  high  enough  to 
^tgtiitt  oil  and  oth^r  ii^ritiw. 

11-47.    Whiqh  of  tht  following  »&f«ty  pr^autiOM 
should  you  obMrve  b«for«  atarting  to 
work  on  an  air  compreaaor? 

1.    Blow  down  tba  toapraasor 
^  2«    Sacura  all  valvta  batwaan  the 

coapraaaor  and  racaivar 

3.  Maka  aura  conpraaaor^  cannot  be 
atartad 

4.  All  of  tha  abova 

11-48.    Tha  u«a  of  gaaoliaa  or  a  similar 

liquid  to  clean  compraasor  intalca  . 
filters  is 'prohibited  because  tha 
liquid  ha^  the  ability  to  do  which 
of  tha  following? 

*  '    ■  ■  V  .  y 

1.    Reduce  tha  efficiency  of  tha 
filters  r  ' 

2-    Damage  the  filter  tsatefiaX 
^  3.    Vaporize  easily  and  form  a  highly 

explosive  mixture  with  the  air 
under  compression 

4.    Do  all  of  the  above 


11-53.  ^BecAuais  of  carrytjvar,  aaltii»tiwr'.i»  th^ 
c-<dlstilUt*  ia  aost  l^kfly  «WMd  by 

1.  faulty  salinity  calls  _ 

2.  leaks  in  t\m  tube  naats 

3.  laaka  in  the  baskat 

4.  ii^iroiMir  operation 

11-54*   Why  ia  carryover  undasirs^la? 

1.  Chemical  salts  cause  corrosion  of 
boiler  tubas 

2.  Coliform  bactaria  My  Ins  preaant 

3.  Thf  diatillata  is  wt  statillaed 

4.  Each  of  the  above  is  correct 


11-55- 


Why  are  Navy  distillljog  plants  operated 
at  1cm  praasure? 

1.  To  prevent  carrydver 

2.  To  increaaa  afflcitocy 

3.  '  To  atariliae  ths  distillfte 

4.  *Sach  of  the  abova  is  correct 


In  it^  11-56  through  11-58  select  the  term 
from  column  B  that  is  defined  in  column  A. 


11-56- 


A,  Definition 

The  end  product 
of  an  evaporator 


Learning  Object jh;c:  Specify 
operating  principles  and' 
fuwctions  ot  components  of  the 
sul^rged  tube  distilling  plant. 
Textbook  pages  355  thr^gh  3.60- 


11-57 #    The  saltwater 

thitt  is  boiled  to 
produce  a  vapor  ^ 

11-58.    The  process  of 
separating 
seawater  into 
vapor  and  brine 


B-  Term 

1,  Pist illation 

2-  Evaporation 

3.  Feed  ' 

4.  Distillate 


In  it«tts  li--59  through  11-61  select  the  term 
from  column  B  that  is  defined  in  column  A. 


11-49*    A  steaxa-operatad  distilling  plant 

produces  distilled  water  from  seawater 
through  the  use  of  an  evaporation  process 
followed  by  condensation.  , 

11-50^    Naval  distilling  plants  arc  NOT  able  to 
remove  all  biological  contaminantf , 

11-51*    Distilling  plants  are  able  to  separate 
all  volatile  fluids  fr^m  distillate. 

11-52.    Distilling  plants  will  destroy  all 
microorganisms  because  the  water  is 
hot  enough  to  IcLll  them. 


A^  Definition 

B. 

Term 

11- 

■59. 

A  measurement  of  '> 

1. 

Briue 

the  concentration 

of  chemical  salts 

2. 

Salinity 

11- 

-60. 

The  stage  of  an 

3. 

Effect 

evaporator 

4. 

Evaporator 

11- 

-61. 

Any  water  in  which 

feed 

the  salt  content  is 

higher  than  it  is  in 

seawater 

75 


^33 


il^ilf  U  tlMl  dtStM  of  Mp«r]lM£  of  •tMM     UnSf  ♦ 


.i.  60.82»C 

2,  50.22*C 

3,  30*C 

4,  40*C 


/ 


U^63. 


11 


uMs  «ltcttical,  M«rgy  to  hMt  tiMi  iMttr 
and  to  oip«rAt«^  tbi  co«prM«02:«^ 

Which  of  th«  following  ships  hAv«  vapor 
QOMprMslou  dif  tiUlag  vmitp? 


11-65, 


1.  Airpr4U!t:  c«rri«rs 

2.  FrigatM 
3*  SuhMrioM 

Why  arft  th«  lov-prusurs  dl 
callftd  lov^prMsurs? 


11-70. 


1.  B«c«us«  th«y  as«  lov^pressur«  stna 

2.  B«c«us«  they  operate  bttlov  ^ 
etapspberic  lyeeeure 

h  1  end  2  above 
le  loir  preeeure  on  the 


3. 
4. 


B^cauee  off 
Because  of 
feed 


11-71, 


11-6^ 


In  tlie  sul 
tubes 


tube  evaporator  the 


/ 


11-67. 


ov-presBure  steaa 
brine         •   '  / 
distUlate  /  ' 

■  ,  f  ' 

In  the  ;Soloihell  evap^Trator,  which  of 
the  following  control^e  the  aiaount  of 
steaa  admitted  to  th^  tubes? 

/ 

1.  Relief  valves 

2.  Reducing  valvf 

3.  Mch  of  the  above 

4.  Orifice  'plate 


IP      When  answering  items  I1-6S  through 
11-75^  refer  to  fig<ire  17-3  in  your 
textbook.  y 

11-68 •    Which  device  maintains  a  pressure  of 

approximately  5  psi  to  the  tube  ne6t  of 
the  first-effect  evaporator? 

1.  Relief  valve 

2.  Orifice  valve 

3.  Spring-loaded  back^-pressure  valve 

4.  Reducing  valve 


11^72. 


:  The  vol^we  of  distilled  ifater  pr^Ui&#4 
^  fcjr  tbe  pXaat  A^^mdM^  00  tlsm 

setting  of  ^lie  r^gulmtiat  vaivi  dJn 

the  exhaust  stea«  li^  to  t3m 

first*^£fect  eva$H}rator 
.  2^    sise  of  the  orifice  plate  ia  the 

eathaust  steaii  liae  to  thm  f trst-^ 

effMt  evaporator^      .  . 
3*    capibcity  of  the  veoor  fiNsd  heatex  i» 

the  first-mf f set  Usll 
4.    number  of  hafflfs  in  the  vapor 

separator  of  the  |iecoiid«^lect  shell 

•     .  '        . ■  -  ■ 

To  which  procsi.s  is  low-i>rwsure  exhaust 
steaai  imbjec ted  .before  it  pasises  into 
ths  first'Hiffect  tub*  Mst? 

1.  Heating  by  steaa. froei  the  i5CH?«i  * 
■  •y»ti«i 

2.  Superheating  by  a. eprey  of  water 
3«    Deaugerhfating  by  a  Apray  of  water 
4.    VoluM  reducing  by  Increased  steix 

pressure 

Coodensate  frott  the  first-effect  tube 
nest  is  puaped  to  tl^ 

1 .    distillate  cooler^ 
2\    vapor'  feed  heater: 
3*    air  ejector  cbndenaer  7 
4.    freshwater  drai^tank  or  the  ciain  ^ 
or  auxiliary  cc^yieiuler 

The  condensate  fro«  the  first^^ffi^t 
tube  nest  i^ich  is  returned  to  the 
boiler  feed  systea  is  used  to 


,  1.    generate  vapor  from  the  feedwater  In 
the  second-effect  evaporator  ihell 

2.  provide  feed  to  the  first-effect 
evaporator 

3.  dAsuperheat  the  attxillary  exlCau^t 
steaa  ^ 

4.  help^  stabilize  the  heat  and  water 
content  of  the  systexa 

11-73.    Steam  generated  in  the  evaporator  shells 
^  by  thjB  evaporation  of  feedwater  is 

'/         referred*  to  as  ^ 

.  '  1.  ,  distillate 

2.  vapor 

3.  superheat 

4.  drain 
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Whmt  its  tixe  purpo»«  of  tjba  bmfflM  mx4 

; .  1.    To  cool  off  th»  vajpor       •        •  * 
2.    Ta  «low  down  tb^  v*por 

To  separata  ftmall  aaoatit  of 
un«vapor*t»i  fe«dvat«r  froa  ihrn 
vapor 

4«    To  da«up«rhMt  the  vapor  ^  « 


-75-    Before  eater iiig  the  eecoad-ieffect 

^evaiK>rator ,  vi^^r  fro«  the  f ire t-Hi££«ct 
feparator  paeeea  into  the 

1,  f iret-^ff t  draia. ri^t^  . 

2  •  vapor  £eed  heater 

3.  holler  feed  eyates^ 

4.  freahwatte  ta&ka  i 


u 


Assignment  12 


t«tbook  AMigmwitr  360  through  3^5^ 


Liarxilag  {S>j«ctive  (Contiau«d)s 
Specify  op«r«ti^  principle* 
end  £unctlone  q£  cbiq»onente  of 
the  eubnerged-ttjbe  dietiUing 
plenty    Textbodk  pe^ee  360 
^through  363. 


When  eaei#ering  questloae  12-1  through 
12-11  refeif^To  figure  17-3  of  the  text- 


book* 
12-1- 


12-^2. 


12-^3. 


12-4. 


Whet  change  takes  piece  in  the 
firet-effftct  vapojr  when  it  reaches  thfi 
etJbe  neets  of  the  eecond--ef feet 
evaporator? 

1.  It  gaix^  latent  heat  of  vaporitatiou 
from  the  second-effect  feed 

2.  It  gains  latent  heat  of  vaporization 
from  a  second-effect  steaa  supply 

3.  It  loses  its  latent  heat  of 

'    vaporitation  to  |he  second-effect 
feed 

4.  It -loses  its  latent  heat  of 
vaporisation  to  a  second-effect' 
steaiB  supply 

Why  is  first-effect  vapor  able  to  boil 
and  vaporize  the  seawater  feed  in  the 
second-effect  shell? 


12-5, 


12-6. 


1:'    Pressure  is  higher  in  the  first-effect 
shell  than  in  the  second-effect  shell 

2.  Pressure  is  lower  in  the  first-effect 
shell  than  in  the  second-^ef feet  shell 

3.  Vapor  and  distillate  are  supTerheated 
on  entering  the  secondref f ect  shell 

4.  Vapor  and  distillate  are 
desuperheated  on  entering  the 
second-effect  shell 


Latent  heat  of  vas>orlxation  given  -of  £  in 
the  diatillix^  c<md«iser  is  used  to 

IC    desuperheat  i];icQedn^  vapor 

2.  boil  feedwater  in  the  first-effect 
shell      .  . 

3.  heat'  incoming  seawater 

4.  superheat  vapor  in  the  first-effect, 
separator  '  ^ 

The  distillate  puap  is  used  to  puap  the 
distillate  from  the  flash  chaaber  to 
which  of  the  f  ollwing? 


2. 
3, 
4. 


Feedwater  tank 
Test  bank 

Potable  water  sys.ten 
Each  of  the  above 


What  happens  to  the  seawater  th^t  passes 
^through  the  tubes  of  the  distilling 
condenser? 


1. 

2, 


4. 


All  is  discharged  overboard^ 

All  is  directed  to  the  boil^er  feed  ' 

systeia 

Part  is  used  as  first-effect  feed; 
the  rest  is  discharged  overboard 
Part  is  directed  to  the  boiler  feed 
systaxa;  the  rest  goes  to  the  - 
second-effect  shell 


After  entering  the  first-effect  shell, 
some  of  the  feedwater  is  evaporated,  , 
The  rest  of  the  feedwater' (brine)  is 
forced  into  the  second-effect  shell  by 


/ 


gravity 

the  condenser  circulating  pmap 
the  pressure  difference  between  the 
first  effect  and  second  effect 
a  tube-nest  drain  pump 
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WtUt  mft»n»  is*  providiwi  to  p«irftit  thm 
first-  and  »eccxid--«f f#ct  »hell*  to  b« 
driiitM^  rapidly?  ^ 

1.    Regulating  valve*  in  the  piplug  . 
£•    Parforatad  pip««  i»  "ch  effect 
3«  '  Portable  pu»¥  coouactioaa 
4.   .$uctioa  coanactiona  laidl^  dircctiy 
to  tha  brina  ovarboatd  pua^ 

*  ^.  * 

«hat  is  the  ftmctioii  of  the  circulatiag 
^ Water  #t  tha  Ibrina  overboard  piaip? 

1.  To  provide  cooling 

2.  /  To  dilute  the  brine 

3.  To  seal  the  glaij'd  v 

4.  Bech  of  the  above  ia  correct 

Which  of  the  folloving  maintaiaa  the 
vacuum  in  the  second^ effect? 

1.  Mr  ejector 

2.  Coudanaation  of  steas  ia  the  vapor 
feed  hwtar 

"      3;    Cooling' effect  of  carbon  4ioxide 
4/  Steam  condensed  by  the .evaporator 

;      .   ^      ^feed     ■    '  •         I  .  . 

12-10,    A  salinity  cell  ia;lpc*Ud  a|s  tii« 

discharge  of  the  "tube  t^at  drain  puasp. 
Vlhere  ia  the  tub'«i<na8t/drain^pi^  located 
in  figure  17-3  of  the  textlsook? 

''\ 

1.   4*Q«rer  rigi^l^'-hand  side 
.  /  2.  ^  Upper  right-hand  side 

3.  Lower  left-hand  side 

4.  Upper  left-hand- side 


12-14- 


12^9- 


12-1$. 


12-16. 


2-11- 


Salinity  cells  are  installed  in  a  pipe 
fitting  iimilar  to  a  ther^JOJaeter  well* 


^     When  answe'ring  items  12^12  through  12-17, 
assuiae  that  you  ^re  to*  start  a  manually 
.controlled  low-preSSure  subi»erged-tube  distilling^ 
plant  that  has  been  totally  secured. 

12-12.    Which  of  the  following  steps  of  procedure 
must  you. perform  before  starting  t^e 
-evaporator  feed  pump?  '  > 

1.  Regulate  spring- loaded .back-presSure 
valve  in  circulating  wa);er  overheard 
line  ^  ■ 

2.  Open  air  ejector  suction  yalve  ,^ 

3.  Start  the  first-effect  tube^nest  ? 
drain  pump  1 

4.  Start  the  brine^  overboard  pump 


1. 


2, 
3- 
4. 


12-17. 


Which  of  tha  iollcmix^  valves  ^        . . 
leave  dosed  mfter  placing  the  Vciae 
overboaxd  puiap  in  operatlMt 

Valve  in-  the  ^rgencj/ circulsting 
water  line  frote^thiuJA^  •^•^^^^ 
condenser        *  . 
Pirst-ef f tct  tube-aest  v«nt  valve 
Second-effect  tube-nest  vent  valve 
Ait  ej  editor  euct ion  valve  ^ 

After  die  t illste  appears  in  the  flesh 
ci^a4>er  gage  gl«*«.  the  next  steals  to 
open  the  valve  at  the  /'I 

1.  first-effect  tube-^est 

2.  distillate  pus*  suction 

3.  frashtfster  «yite» 
4»    water  Mter 

Which  of  the  following  eteps  should  beV 
performi^  after  the  freshwster  pomp  is 
started  and  auf f icient  f eedwater  is 
flowltxg  throng  the  air  ejector 
condenser? 

1.  Draw  off  enough  distillate  for 

testipg  '  ,  ^ 

2.  Close,  off  the  emergency  circulatitlg  • 
water  valve  on  the  air  ejector 
condenser 

3.  Open  the  distlll^te^^ualp  suction 
valve 

4.  Adjust  feed  valves 

When  should' the  density  of  theji3^4ie 
discharge  be  checked? 

^  Before  the  desired  second-effect 
vacuum  has  been  reached 

2.  Before  the  desired  first-effect  - 
steam  pressure  has  been  reac^hed 

3.  After  the  desired /^.r8t-eff eat 
steam  pressure  and  the  second-effect 
vacuum  have  been  reached 

4.  After  the  distillate  is  shifted  to 
the  bilges  because  of  high  salinity 

When  proceeding  to  secure  a  manually 
controlled  low-pressure  distilling 
plant,  you  open  the  drain  to  the  bilges 
after  ^ 

1.  securing  the  exhaust  steam  to  the 
first^^effect  tube^nest 

2.  closing  the  first-effect  tube-nest 
*    vent  valvi" 

^  3.     securing  the  freshwater  pump 
4/    securing  the  steam  to  the  air 
ejector 


JC 


79 


i««raiag  Objective:    ExpUin  the 
tt&lixxijiy  casting  vcquirwaests  for 
distilling  pl«aes.  T^tbook 
pages  365  through  368. 


12-18. 


12-X9. 


Th«  chMdcai  mod  electrical  salinity 
tants  *r«  the  two  MthiSdH  by  which  ei) 
operator  cao  check  the  puritjr  ead 
chloride  c<^teat  of  the  dlettllete, 

A  eeli&ity  test  re^uiinj  of  3  epa  for  a: 
solution  of  table  salt  is  equivalent  to 
a  concent ration  of 


12-24. 


1. 
2. 

3- 
4. 


35 r 5  pps 
58.5  pptt 
152.5  ppa 
175.5  ppm 


12'-25. 


12- ?0*    What  ehould  you  do  if  the  salinity 

4(|ndicatoi^ou  are  checking  reads  2.5 
grains  ^flk^  the  test  button  la 
dcpresseow^ 


12^21, 


^1.    Calibcate  the  Indicator 

2.  Place  the  ifedicator  in  operation 

3.  Calibrate  the  indicator,  then  place 
it  in  eperatiou 

4.  Have  an  IC  Electrician  check  the 
indicator 

How  often  must  the  water  in  the 
measuring  and  , treating  tanks  be  sampled 
and  tested  ch«aioally'/or  salinity? 


12-26. 


12-22 


1. 

2. 
3, 


Each  time  50  gal^'o^f  distillate  is 
punqaed  into 'the  t«[^  ^ 
Once  an  hour 

Bach  time  25  gal  of  distillate  is 
pumped  into . the  tank 
Once  a  aay  ' 


7 


You  are.  running  a  salinity  test  by  the 
chei]^cai  method.    What  color  should  the 
sample  be  when  you  finish  adding  mercuric 
nitrate  to  the  solution? 

1-  Pale  yellow 

2.  Pale  greens^^^' — 

3.  Pale  blue-vT^et 

4.  Bright  red 


12-23.  ►  What  chloride  limit  shall  NOT  be    ^  ' 

exceeded  in  the  condensate  of  the  main 
condenser? 


Wbilag  Objective:  Identify 
opeiatixig  Triqiaireaenta  for  , 
distilling  plants.  Textbook 
pilges  368  throx;«h  375.       '  , 


12-27/ 


Why  is  it  desir^le  to  malntela  a  steasi 
pressiure  of  5  paig  above  the  orifite 
%*ich;  controls  \atea»  fioir  f:o  the 
firat4-ef£ect  tu^e-nest? 

'  .  \         •   .    \  '    ■    '         .■     *  ■ 

1.  Td  elialnate  \th«  need  for  aalinity 
tests 

2.  To  reduce  the  Jieasity  of  the- brine 

3.  To  maintain  coi^taat  distilling 
plant  output 

4.  To'  lighten  the  wikfchstander's  duties 

Assume  that  280*F  steak  la  below  the 
orifice  that  controls  Wtaaa  flow  to  the 
first-effect  tiU>e-nest.  \  Watei  for 
desuperheatln^  the  ateamXls  t«)ken  f ros 
.  the  '{ 

1.  freshwater  drains 

2.  reserve  f sedwster  .oanks 

3.  discharge  side  of  the  first-effect 
tube-nest  drain  pusp 

4.  discharge  side  of  the  distililag 
plant *s  distillate  puap 

If  an  evaporator  imit  is  operated  at 
rated  capacity  for  an  extended  period 
of  time  with  approxiaately  12  inches  of 
vacuum\^  which  of  tha  following  conditions 
will  result? 

1.  An  increase  in  the  operating 
temperatures 

2.  An  increase  in  the  rate  of  Scaling 
of  the  tube-nests 

3.  Both  1  and  2  above 

4.  A  decrease  in  the  amount  of  scale 
,   *   deposited  on  the  tube-^nests 

A  rapidly  fluctuating  last-effect  shell 
vacuum  is  likely  to  cause 

1,     an  inadequate  flow  of  circulating 
water 

2-     a  reduction  in  tha  efficiency  of 
heat  transferring  surfaces. 

3.  priming 

4.  a  reduction  in  the  efficiency  of  air 
ejectors 
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^    >      .  .        .  ■       .  •■  ., 

n-26v         iwit  cowton  c4«««  of  low  v«cu^«  la 
-   *^  «  di«tillin«  plJWt  »h«il  i« 


exces*  8te«s  pressur* 


Uhat  wsight  of  seavatcr  upon  evsp0ratioD 
khould  yield  about  1  pound. of  aalts? 

16  lb  . 

32  lb 

48  lb  . " 

64  lb 


Why  domm  th«  b«#t»d  ««aw»t:er  vaparlsi 


X. 


•2. 


12-30. 


1, 
2. 
3. 
4. 


The  u»oai  ef  f  act  of  too,^  bigfa  a  brine.^ 
coacintration  la  tba  evmpax&psx-^s  an 
lncra«a«  in  the 


3, 
4. 


x:ate  of  di]St$llate  formation 
aaoimt  of  brin«  pu^«d  ovarboaicd 
pressure  of  the  stem  line 
rate  of  J^vaporator  tube  scaling 


J  ■ Itejafl- 12-31  through  12-39  pertain  to  a 

two-stage,  fla«h"*type  distilling  plant. ^ 
Refer  to  figure  17-9  in  j^Qur  textbook. 

12-31.'  Fefedwater  for  the.  distilling  plant  is 

preheated  before  reaching  the  feedwaffer 
heater  as  it  circtilateis  through  which 
of  the  foiiowi^pig  unijfs? 

I.    The  distillate  cooler 
1    2.    The  air  ejecfor  condenser 

3.  The  stage  distilling  condensers 

i      4.    All  of  the  above 

-    *    •  \ 

1^-32.    As  feedwater  passes  through  the 

evaporator  feedwater  heater^  final 
heating  of  the  feed  is  done  by  „ 

1.  an  electric  heater 

2.  auxiliary  ^xhaust  ste^a 
3-  'high-pressure  steanr 

4.  brine  overflow' 

12-33.-   Heated  feedwater'  enters  the  first-stage 
shell  by  way  of  spray  pipes  located  in 
the 

1.  stage  distilling  condensers 

2.  stage  vapor  separators 

3,  bottom  of  the  first-stage  shell 

4,  secoqd-stage  internal  feed  box 

12-34.    Unvaporized  feedwater  in  the  first-stage 
•flash  chamber  passes  to 

1,  brine  overboard  line 

2-  evaporator  feedwater  heater 

3,  secoaih^tage  shell 

4.  Iqj^-pressure  drain  system 


4* 


PxMtor^  ia  th«  dheU  J*  higi«i^ 
than  th«  latiufiitiili  preaauri 
colrreapcmdisss  to  the  taafH^rature 
of  the  •eawater 

Pr#^»ur«  in  the  shell*  ii  lower 
tififto  the  smturaticm  jpresauxe 
correiiponditig  to  the  ttaperature 
of  the  sawet^r 
TeiWej^eture  of  th«  aeaarater  is 
decrease  J 
Fressure  in  the  shell  is  higher 
than  atAMpharlc  preaaure 


12-36. 


12-37, 


12-38. 


12-39. 


Brine  f roa  the  »«:cod-«tage  shell, i* 
discharged  to  the 

^1.  b^ine  overboard  line 

2,  aval>6rator  feedwatejjieater 

'  3.  f  irst-8tag«rllaeh  chaal:>et 

4«  loi^pressAxre  drain  systes 

The  water  'froaSlke  demiaters  of  the  ^ 
first  ^tage  drain?  to  the 

1.  dietillate  of  the  first  stage  • 

2.  feed  sept ion  of  the  first  stage  .  ' 
3«     feed  section  of  the  eecond  stage 
4»    hotwell   '  ' 

When  the  distilling  plant  is  being 
started,  to  which  profess  is  supply 
steals  subjected  lief  ore  it  ettt^^rs  th^ 
shell  of  the  Evaporator  feedwatet 
heater?     "  ,  t  , 

1,    Heating  by  steam  from  a  15D-psi 
system. 

1.     Superheating  by  a  spray  of  cold 
water  »  ^1* 

3.  Desuperheating  with  water  f«tS&  the 
' feedwater  heater 

4.  Desuperheating  with  wat^r  from  the 
ship's  condensate  system 

In  the  two-stage  flash  type  evaporator 
wh^re  -are  the  two  three-way  solenoid 
trip  valves  located?  _ 


1. 


At  the  loop  s^al-and  the  distlllat 

pump  ] 

At  the  loop  seal  and  the  air,  ^ 
ejector  drain 

At  the  distillate  pump  outlet;  and 
the  air  ejector  drain 
At  the  seawater  heater  drain  and 
at  the.  loop  seal 
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12-40. 


12-41. 


What  is  th«^  aaxlmuai  design  feedvater 
temperature? 


1. 
2. 
3. 
A. 


.175'F 


How  can  the  capacity  of  a  flash- tjrpe 
evaporator  ba  inc^reasad? 

1.  Incraaae  the  vOlmae  of  feed  to  the 
firat  etagie 

2.  '  Increase  the  heat  of  tha  feedwat'er 

3.  Decrease  vaduua  in  the  tirst  stage 

4.  Decrease  the  heat  of  the  fee^water 


l?-46.    Xha  sa^nicy  of  tha  distniata  tsroducad 
by  the  plant  uudar  norial  operating  * 
conditions  yilX-he  leas  than  0.965' ap®. 


Learning  Objective:  Describe 
the  construction  and  function 
of  heat  recovery  type-  distilling 
units.    Taxtbook  pages  379-|il.  . 


12-47.^    In  the  heat  re'covery  type  distilling 
lu|iit,  the*  evaporation  temperature  i^ 
maintained  by  •wTlicTi  of  the  following. 
^ '  n^aos  ?  .  * 


Learning  Objective:    ?oint  out 
operating  principles  of  the 
vertical  basket  distilling 
plant  and  specify  functions  of 
the  co«ponents.  TextbflPk 
pages  375-379    .     '  ] 


12-42. 


12-43. 


12-44. 


12t45. 


The  corrugated  baskel^  and  evaporator  « 
shell  are  one  and  the  same  shell. 

The  fluid  between  the  basket  and  the 
shell  in  the  first-effect  of  the  ; 
distilling  plant  has  been  previoui^ly 
^heated  by  .the 

1.  auxiliary  boiler 

2.  second-'ef f ect  b^s^ket 
.  3.    vapor  feed  hfifater 

4.     second-effect  steaas  dome 

Vapor  is  generated  in  the  second-effect 
shell  as  a  result  of  t;he  second-effect 
feed  b^ing  heatfed  by  the 

1.  first^effect  vapor 

2.  feedwat^er  heater^ 
3*  '  brine  drains 

4,     steam  supply 

What  device  Is  used  in  some  « 
Vertical-basket  type  distilling  units 
to  prevent  vapor  locking  of  the 
di*8tillate  pump? 

Leop  seal 

Condensate  drain  ^  ^ 
Cyclonic  separator 
4.     Drain  cfojllector  - 


i2-4a. 


12-50. 


1.  ^'Tube  bundle  % '    *     '  ^  . 

2.  Air  eductor 

^  3.    Jacket  water 

4,    Vapor  \ 

Tha  feedwater  level  in  the  evapcratoV 
is  controlled  \y  an  interxuCL  weir-type 
cdnttoller. 


12-49.,    Noncondenaable  vapori  collect  in  the 
distillate  condenser  because  of  which 
of  the  following  conditions? 

11    Lpwer  temperature 

2.  Higher  temperature 

3.  /Lower  preasure 

4.  Higher  pressure 


In  the  heat  recovery  distilling  unit, 
the  ;tecket  water  makes  how  many  passes 
through,  the  tube  bundle? 

1.  One 

2.  Two 

^  3 .  Three 
4.  Four 

*The  jacket  water  circuit  provides  how 
much  water  per  minute  and  at  what 
temperature  in  th^  tube  bundle? 


1. 
2. 
3, 


100  gpm^at  100*F 

200  gi^m  at  150*F 

300  gpm  at  ISO'^F 

400  gpm  at  200**? 


12-52.    AftM  startup  what  Is  the  primary 

f unctiosi  of  tKe  air  wd  brina  eductor? 

.   .    1.    To  r«»ave  noudoadenMbia*  from  the 
,  jacket  water 
2,    To  remove  noocoodenaablaa  from  the 

.   '  briue 

%  3.    To  rmaove  iioacoadeoMblea  from  the 

shell  interior 
*  4.    To  ramove  aoncondeaiables  from  the 
diatill&te  cooler 


Learning  Objective:    Specify  and 
identify  methodfl  and  techniques  to 
be  used  in  maintenance,  feed^ater 
treatment,  and  cleaning  of  thk,^ 
distilling  plants-  Taxtbopk 
pages'  381  through  3B6.     •  ' 


12-53*    Scfie  deposits  pn  the  evaporator  tubes 
^        of  a  submerged- tube  ^stilling  plant 
'  will^ause  a  reduction  in  output  vfhlch 

bettpis  measurable  when  the  deposits 
reduce  the  first-effect,  tube-nest 
vacuum  to  • 


1  or    2  inches  of  mercury 
4  or    6  inches  of  mercury 
8  or  10  inches  of  merqury 
X2  or  14  Inches  of  mercury 


12-54. 


Under  normal  operating  conditions,  what 
Is  the  usual  interval  betwe'en  cleanings 
of X  air  ejector  condenser  tubes? 


1. 
2- 
3. 

■4\ 


3  months 
6r  Months" 
9  months 
12  iHonths 


12--55* 


12-56. 


Id's  distilling  plant  that  uses 
seawster  teed,  what  condition  should  be 
maintained  to  keep  the  formation  of  hard 
scale  to  a  minimum?, 

f 

1,  Steam  pressure  above  orifice  not  to 
exceed  5  psi 

2,  High  vacuum 

3.  Brine  density  not  to  exceed  1,5  ^ 
thirty-seconds        '    '  ^ 

4.  Each  of  the  above 

Evaporator  feedwater  is  treated  with 
-PD-S  for  the  purpose  of  reducing  the  , 

1,  rate  of  tube  scaling 

2,  amount  of  insoluble  suspenjjed  matter 

3,  quantity  of  soluble  carbonates 

4,  priming 


i:}-57.    PI>-8  solutiom  is  i?rep«red  by  dis»o;Lyiag 
« the  required  amount  of  PD-8  in  warm 
water  aiid  diluting  it  with  enough  cold 
wat#r  to  mak*  a  batch  totaling.  ' 

1.  12  gal 

\  ^     2,  18  gal 

3,  24  gsl 

^     4,  30  gal 

Items  12-58  through  12-63  pertain  to 
*     the  procedure  for  injecting  chemicale. 
^to  the  distilling  plants  • 

12-58.    A  duplex  pump  may  ^e  used  to  inject 

chemicals  intb  two  separate  distilling- 
plants  when  the  plants 

'  •«     '  .  •• 

1*    are  in  different  coa^artments  ' 
/2*    vary  in  otitput  by  ndt  mora  than\ 
4,000  gpd        ^  ^ 
^  3,  "  are  in  separate  coi^artments  but 

have  eqxisl  distilling  capacity 
4r.    are  equal  in  distilling  capacity  ^ 
and  ^re  in  the  same  compirtment 

12-59.  You  find. that  a  pulp  stroke  of  15Z  will 
be  required  to  ««pty  the  mixing  tank  in 
24  hours.  You  should  adjust  the  stroke 
so  that  .the  tank  will  empty  in 

*  1,  ' 4  or    8  hours 

2;  8  dr  12  hours 

3.  12  or  16  hours 

4.  16  or  20  hours 

12-60.     If  the  proportioner  pump  fails,  the 
operator  feeds  the  chemical  sq^ution 
into  the  evaporator- by  means  of  * 
vacuua  injection  line  and  controls  the 
£Jow  by  tl^  use  of  ^  " 

1.     a  standby  pump 

2»     a  feed  control  valve 

3.  an  adjusting  screw 

4,  a  needle  valve 

r 

12-61.     How  much  PI>-8  is  recommended  for  a 
12,000  gpd  submerged-tube  type 
distilling  plant? 

1,'  1.2  pounds  every  24  hour? 

2_  1.5  pounds  every  12  hours 

3,  2,0  pounds  every  24  hours 

4/  2,6  pounds  every  12  hours 
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12-62. 


12-64. 


12-65. 


12-66. 


rou  C4m  d«t«tmlaa  hw  wtll  th«  PI>-8 
fft«dv«tar  treatttftQt  i$  fuactiooixig  by 

1,  uAminlns  the  cvatH>r«tor  for  kludge 
2*    ftXAsloiog  %im  •vaporator  Sot  seals 

3.  checklxig  the  shell  tssqpsveture  id 
fssdvater  liestsr. 

4,  i^bservi^  ths  condition  of  the 
^tsnk  during  draining  end 

flush! 

In  eccordeiice  with,  the  Plexmsd 
Meint^«6ce  Sy«te»»  when  will  the 
aixtng  tank  for  H)-8  evaporator  . 
treatment  be  drained  and  flushed? 


Quarterly 

Weekly  or  laora  often  If  necessary 
Annually 
Monthly 


1. 
2. 
3. 
4. 


;What  is  an  indication  that/^tl 
flash- type  unit  ^eeds  cleaning? 

■  7 

1«    When  A  A-psig  steam  pressure,  in  the 
evaporator  feedvater  heater  is 
required  to  produce  rated  capacity 

2,  When  a  4-p8ig'  steaa  pressure  ix^  the 
first-effect  stean  chest  Is  required 
to  produce  rated  capacity 

3,  When  the  first-effect^  tube-nest 
vacuum  is  near  sero 

4,  IJhen  the  firsts-effect^  tube-nest 
tempe^-ature  approaches  that  of  the 
steam  supply 

Which  of  the  tube  nests  of  a  distilling 
plant  tends  to  collect  scale  ttK?st 
rapidly? 

1.  First-effect 
2*     SGcond-ef feet 

3.  Third-effect 

4.  Four^th-eff  ect 

How  do  you  chill  shock  the  first-effect 
evaporator  tube^-nest  "of  a  distilling 
plant? 

1.  Cut  out  steam  flow^to  the  tubes  and 
quickly . flood  them  with  cold  water 

2.  Cut  out  flow  of  water  to  the  tubes' 
and  increase  the  flow  of  steam 

3.  Drain  brine  from  the  shells  and 
admit  water  into  the  tubes 

^.     Drain  brine  frotn  the  shells,  reflood 
the?:  with  water  and  admit  steam 
into  the  tubes 


12--67. 


12-68. 


12-69 • 


12-70, 


12-71. 


12-72. 


of ten  should  a  distilling  p 
chill,  shocked  vhe|i  no  fMd^trea 
used? 


1,  Daily  ,  ^ 

2,  Weekly  . 

3.  Sesiiwntbly 

4.  Semiaim^ally 

After  the  tii^e  nest  &k%4&S^  respdved 
Stem  a  subsMirged-tube  type  evaporator, 
the  tubes  are  cleaned  Mch^xicaUy  by 
a/an 

1.  'electric  torch, 

2.  scaling  tool 

3.  *  abrasive 

4.  electric  vibrator 

After  cleaning  and  before  placing  the 
tube  nest  in  service »  you  subject  the 
bundle  to  a  hydrostatic  test  of 


1. 

3. 
4. 


25  psi 
50  psi 
75  p*i 
IDO  psi 


Which  of  the  following  types  of 
distilling  plants  "has  a  ainisuim  amount 
of  scale  forMtion?  " 

1,  Vertical  basket  type 

2.  Submerged-tube  double-effect  type 

3,  Submerged- tube  triple-effect  type 

4.  Flash  type 

The  acids  coxmaonly  used  for  the  chemical 
cleaning  of  evaporator  parts  are. 

1.  nitric  and'  sulfuric  «• 

2,  sulfamic  and  nitric 

,3.  hydrochloric  and  sulfamic 
4^     sTulfuric  and  hydrochloric 

Under  which  of  the*  following  conditions*' 
may  sulfamic  acid  be. stored  safely 
aboard  ship? 

1.  When  transferred  from  original  to 
special  containers 

2,  When  stored  in  original  containers 
3-  ^J^en  In  solution  form 

4.     Under  all  the  above  conditions 
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Assignment  13 


TMtbook  AssignsMnt:    Pii««t  387  tbrougb  414 


Learning  Objective:    Idmntlfy  thm 
tertem  related  to-prlncfplt«  of 
refrigeration  end  beet.  Textbook 
page*  387  and  388. 


13-1. 


13-2. 


13-3, 


For  iteaa  13-4  tbrough  13-^,  select  f rem 
coluan  B  the  definition  or  eacmple  tluit  appliee 
to  tbe  heat  identification  t era  in  coluan  4. 

.  <        '    '  . 

A.  .  Teraa        b>    Pef  initiona  or  eitaaplee 


SUfrigeratioh.ia  a  general  tera  that 
'deacribea  which  of  theee  proceeiea? 


1, 


3. 
4. 


Removing  heat  froa  spaces f  objects » 
or  aaterials 

Alloirlng  beat  to  flow  in  ita  natural 
direction,  that  ia,  froa  waraer 
aatcrial  to  the  colder  aaterial 
Both  1  and  2  above 
Cdnver$iiSg  heat  into  work 


13-4. 


13-5. 


How  does  a  fefrigex^tion  unit  "freeze 

water? 

•  ^  »  ' 

1.  It  reduces  the  presiiure  of  tjie  water 

2.  It  removes  heat  from  the  wat«r 

3.  It  adda  Coolneia  to  the  water 

4.  By  doing  both  7  and  3  above 

The  amount  of  heat  reaoved  froa  or  added 
to/a  aaterial  is  meaaured  in  terms  of  a 
standard  unit  called  a 

1.  refrigeration  ton 

2.  total  heat 

3.  British  thermal  unit 

4.  sensible  heat 


13-7. 


13-8- 


Sanaible 
heat 


Latent 
heat 


1,    Heat  absorbed  by  a  _ 
man* a  body  after  be 
atepa  £roii  a  cold  rooei 
into  a  vara  rooa 


13-6.  Specific 
heat 


2, 


3. 


4. 


Quantity  of  heat 
required  to  raise/ the 
tmperatufe  of  i>nit 
aaaa  of  a  itbmi 


Heat  absorbed  by  a 

blcKik  o^^lting  ice 

The  ability  of  a 
substance  to  absorb  or 
give  off  beat  without 
change  in  temperatura 


What  is  the  latent  heat  of  fusion  of  a 
pound  of  ice? 


36.Btu 
72  Btu 
144  Btu 
288  Btu 


Approximately  how  auch  heat  mist  be 
removed  from  1  ton  of  water  at  32*F  t 
change  the  water  to  ice  at  32"F? 


1. 
2. 
3. 

4. 


36  Btu 

72  Btu 
12,000  Btu 
'288,000  Btu 


Learning  Objective:     Identify  the 
basic  relationship  of  pressure, 
temperature,  and  volume  of  a  gas. 
Textbook  pages  388  and  389. 
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15-9.    At  which  of  th«  followljag  t^^r^turiw 
Attd  pressure*  will  vat«r  boil? 

*    /        !•  iQO*F  at  14.7  paia  ' 

V         2,  80*F.«t  2?  in-  vacuum 

*     3,  450*F  At  600  psig 

4.  Bot^  2  and  ^3  AXm  correct 

13*i0.    At  which  of  thfii  folloviilg  tea^eratutM 
and  pressures  will  R-12  boil? 

1,  -20*F  at  14-7  psig  V 

2.  -21*F  at  14^7  psia 
3*    +45 at  46-49  psig 

4.    Both  2  and  3  ara  correct 


13-15.    Wb«a  tha  gaa  ii:^  a  taak  haa  iiau:taas« 
its  ti^i|^rature»  the  col\aw  wLXL  ^a^^ 
and  tha  praaat^a  will  Cb) 


lS-11. 


Before^  a  confined  quantity  of  vapor  can 
be  superheated,  it  nuat  be 

1-    separated  from  the  .liquid  froxa 

which  it  was  generated 
2,    in  contact  with  the  boiling  liquid 
3^    held  at  a  constant  pressure 
4,    ailowad  to  decrease  in  volume  \>, 


For  itsifts  13-12  through  13^16  assume 
that  a  cylinder  with  a  floating  piston 
cicntains  5  cubic  feet  of  air  en  each  aide 
^(A  and  B)  of  the  piston.    The  absolute  air 
pressure  on  each  side  of  the  piston  is  200  psi 
and  the  absolute  temperature  ie  500"F* 


13-12. 


13-13, 


If  you  pump  air  into  side  A  to  increase 
the  pressure  In  side  B  to  250  psia,  and 
constant  temperature  is  maintained ^ 
what  is  the  new  volume  in  side  B? 

1.  7  cu  ft 

2.  6  qu  ft 

3.  5  cu  f t 
4*     4  cu  f t 

If  you  decrease  the  temperature  In  side 
A  to  400"F  absolute  without  changing 
its  pressure,  and  with  no  increase  in 
temperature  in  side  B,  what  is  the  new 
volume  in  side  A? 


1- 
2. 

3. 
4.^ 


(a)  decraaas»  (b>  dMraaaa 
(a)  ri^Mdn  tha  aa«e»  (b) 


in  tha 


(a)  increase^  (b)  rcmtin  tha  saaa 
(a)  increase,  (b)  dacriwia 


13-16.    Whan  the  preaaure  on^a  gaa  incraaaaa, 

tha  temparstu^  vilX  (a) ;  howavar,  %ihan 
tha  pruasure'^decraaaas*  tha  tamparatura 

will  (b)  ' 

1. ^    (a)  risa»  <b)  lower 

2.  (a)  lowiar,  (b)  rise 

3.  (a)  lower,  (b)  raaal;i  tha  aase 

4.  fa)  remain  tha  same,  (b)  lowar  . 


Learning  Objective:    Point  out 
the  moat  common  typa  of  refrigera- 
tion plant  used  aboard  Navy  ahipsi 
and  identify  the  major  ccsaponecta 
and  their  functicma,  Taxtbogk 
pages  3B9  through  395 « 


13-17,    What  type  of  refrigeration  system  is 
generally  used  for  shipboard  , 
refrigeration? 

1.  Vapor  compression  cycle  with 
centrifugal  coispresaors 

2.  Steam- jet  systems  with  reciprocating 
compressors 

3.  Vapor  compression  cycle  with 
reciprocating  compressors 

4.  Steam- jj^et  systems  with  centrifugal 
compressors 

^      Items  13-18  through  13-28  refer  to 
figure' 13A. 


1. 
2. 
3. 
4. 


cu 
cu 
cu 
cu 


ft 
ft 
ft 

ft 


ll-14.     What  is  the  effect  of  a  30"*?  temperature 
.increase  on  both  sides  of  the  pistoH? 

1.     A  small  decrease  in  both  pressure 

and  volume 
2*     A  small  increase  in  both  pressure 

and  volume 
3.     A  12-psla  decrease  in  pressure 
4«     A  12-psia  increase  in  pressure 
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13-22. 


figure  13A 

13-18,    Which  of  the  following  is  the  correct 

ge<}ti«oce  of  flow  of  refrigerant  through 
the  system? 


1. 


2. 


13-19. 


Receiver,  expAneion  vskl\ 
evaporator f  coapreaeor,  condenser, 
receiver 

Receiver,  evaporator,  expansion 
valve,  condenser,  c-oapreasor, 
receiver 

Receiver,  condenser,  compressor,  \ 
evaporator,  expansion  valve, 
receiver 

Receiver,  expansion  valve, 
comprea^r,  condenser,  evaporator, 
receiver 


Pressure  of  the  liquid  is  reduced  in 
part 


1. 

3. 
4. 


B 
C 
D 
E 


13-20.  fc^Hfeat  is  absorbed  by  the  R-12  refrigerant 
in  part 


1. 
2. 
3. 
4. 


A 

C 
D 
E 


13-23. 


13-24 • 


The  iQii^prasaurvMNtde  of  this 
refrlgeratioii  *3*t«i  Um  batwaaa. 
cc»sKmanta 

1.  A  and  B  "  / 

2.  B  aad  C 

3,  B  and  D 

4-    E  and^  B  '  .  ? 

The  operation  of  Qotoppnent  £  la 
controlled  by  a  device  located  in 
c(^ponant 

* 

1.  h  ' 

2.  B  ,  - 
3. 

4,  D 

What  ciusea  component  £  to  open  ax^ 
permit'  the  flow  of  liquid  into  A? 


1. 


2; 


4. 


A  decreaae  in  pressure  in  the 

cooling  cdil 

A  decrease  in  pressure  in  the 

control  bulb 

An  infreaae  in  prassure  on  the  to|^ 
of  the  diaphragm 
An  increase  in  pressure  on  the 
bottom  of  the  diaphragm 


13-25, 


13-26. 


1. 


What  changes -accur  in  the  physical  state 
of  the  R-12  Is  it  pasaes  through 
component  A?\ 

It  changes  from  a  boiling  liquid  to 
superheated  vapor 
It  changes  from  superheated  vapor 
to  a  boiling  liquid 
It  changes  from  a  cool  liquid  to  a 
hot  vapor 

It  changes  fro^  a  hot  vapor  to  a 
cool  liquid 


Which  component  pumps  heat,  absorbed  by 
the  refrigerant,  from  the  evaporator 
to  the  condenser? 


1. 
2. 
3. 
4. 


A 
B 

C 
D 


13-21.    R-12  is  in  liquid  form  In  the  system 
when  it  is  between  components 


1* 
2. 
3, 
4. 


A  and  B 

B  and  C 
D  and  E 
E  and  A 
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13^27. 


What  is  the  prisary  ftinction  of 
coasLponent  B?. 

1.    To  raise  the  teaperature  of  Xlqaid 
R-12  to  the  point  where  it  wiij[,  boil 
and  vaporize  coaplctely  before 
entering  coiaponent  C 

?.    To  raiae  the  pressure  of  liquid  ^--12 
to  the  point  where  Its  temperature 
at  this  pressure  is  high  enough  to 
cstise  it  t?t^  boil  and  -vaporise 
completely  before  entering  component 

3*    To  raise  the  pressure  of  vaporized 
R-12  to  the  point  where  its 
temperature  at  this  pressure  is  high 
enough  above  the  temperature  of  the 
cooling  seavater  to  cool  the  R-12 
and  condense  it  as  it  passes  through 
cos^nent  Q 

4.    To  raise  the  pressure  of  vaporised 
R-12  to  the  point  where  its  superheat 
at  this  pressure  aoounts  to  lO^F 

What  is/are  a  subsidiary  function (&)  of 
component  B?. 


1.  To  condense  the  vapor 

2.  To  keep  the  required  pressure 
differential  between  the  low  side 
of  the  syst^  and  the  high  side 

3-  To 'circulate  the  R- 12  through  the 
system  .  ' 

4-  To  do  both  2  and  3  above 


Learning  Objective:     Identify  the 
principles  of  operation  of  the 
accessories  and  controls  for  a  --^^ 
refrigeration  system.  Textbook 
pages  395  through  405» 


13-29.     Where  is  the  rotary  seal,  shown  in 

figure  18-6  of  the  textbook,  adjusted? 


13-28. 


13-30.  Where  is  the  staticmary  bsllo%»i  seal, 
show3*in  figure  18-7  of  the  textbook, 
adjusted? 


f^31. 


13-32, 


13-33. 


13-34, 


2^ 

3. 
4. 


Between  the  crankHhaft  and  tba 
bellows  _     ^'  *  ' 

Between  the  crankshaft  asui  the 
shaft  seal  collar 
At  the  facti 

^ace.  of  th«  seal 
noae 


Between  th< 
collar  and 


In  the  rota ti«; 
figure  18-8  b 
used  to  sWl 


r^ovable  a: 
crankcaae? 


^bellows  seal,  shdim  in 
>e  textbook^  what  is 
surfaced  between  the  , 


ft  seal  shoulder  axid  the 


1.  Keoprene  gasket 

2.  :  Shaft  seal  clampins  nut 

3.  Lapped  surfaces 
4-    Nitralloy  toiler 


In  the  diapl^kjj^agfi)- type  seal,  shown  in 
figure  :;L8-9,  which  of  the  following 
sealing  points  is  made  at  the  factory? 

1.  Between  the  diaphragm  and  the 
crankcase 

2.  Between  the  fulcrum  ring  and  the  , 
rotatii&g  shaft  seal  collar 

3.  Between  the  diaphragm  and  the. 
fulcrum  ring 

4.  Between  the  shaft  seal  collar  and 
the  crankshaft  shoulder 

^ Which  of  the  fdlibwlng  means  J. s  u^ed  to 

load  compressors? 

T.  Oil  pressure 

2.  Refrigerant  pressure 

3*  Refrigerant  suction 

4.  Water  pressure 

When  d&p$  the  compressor  take  on  a 
load?^ 


1. 


2. 


Between  the  crankshaft  and  the 

rotating  carbon  rings 

Between  the  cover  plate  and  carbon 

rings 

Between  the; crankshaf  t  shoulder  and 

compression  sprinj^  ^ 

Between  the  crankshaft  and  cover 

plate 


13-35, 


1.  When  the  compressdr  is  at  1/3  speed 

2.  When  the  compressor  is  at  1/2. speed 

3.  When  the  compressor  is  up  to  speed 

4.  When  the  compressor  valve  is  closed 

After  the  compressor*'has  reached  full 
speed,  when  does  the  capacity  control 
system  start  to  unload  the  compressor? 


1. 
2. 

3, 
4. 


When  the  shaft  seal  bursts 

When  the  system  is  overcharged 

When  the  pulldown  period/ is  completed 

Wliexi  the  pulldown  perio^  begins 
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13r36.    In  figure  18-10  of  the  textbook  the  || 
workiiig  preaeuree  tiwit  operate  the 
hydreuUc  relay  (O  p*  developed  by  the  devices: 

1.  spring  and  the  control  oil  pressure 

2.  '  spring  and  the  oil  pu«^  pressure 

3.  contirol  oil  pressure  sxid  the  oil 
puap  pressure  . 

.4-    control  oil  pressure  and  the 
•       ^    crankcase  pressure 

"  r3-37.    In  figure  18-10  of  the  textbook,  what 

forces  piston  (F)  of  the  unloader  power 
element  E  first  up,  then  dowtJ? 

1p  Oil  pus^  pressure;  crankcase  pressure 

2.  Oil  puap  pressure;  spring  . 

3.  Crai^ase  pressure;  spring 

4.  Spring;  a|Li  puap  pressure 

11-38.    In  figure  18-10  of  ^he  textbook,  which 

of  the  following  controls  the  amount  of  • 
oil  that  reaches  the  unloader  power 
element? 

1-    Hydraulic  relay  piston  <D) 

2.  Lifting  fork  (G) 

3.  Suction,  valve  (1) 

4-    Orifice  '  V         V  ^^^2. 

13-39,    What  is  the  result  of  the  cWges  that 

take  place  in  the  R-12  on j>fiss lug  through 
the  condenser? 

1,     It  evaporates  and,  as  a  vapor ^ 

absorbs  its  latent  heat  of 
'  vaporization 

'2.     It  condenses  and,  as  a  liquid,  gives 
off  its  superheat 

3.  It  absorbs  its  latent  heat  of 
vaporizatiwi,  evaporates  completely p 
and  in  the  vaporized  state,  absorbs 
sensible  heat 

4.  It  gives  up  its  sensible  heat, 
condenses  and  gives  off  its  latent 
heat 

lS-40.     When  temperatures  in  the  refrigerated 
space  drop  below  the  set  point,  the 
solenoid  control  vajve  ^  and  the  flow 
of  refrigerant  (b)  - 

1,  (a)  opens,   (b)  stops 

2.  (^)  closes,   (b)  stops 

3.  (a)  opens,   (b)  starts 

4,  (a)  closes,   (b)  starts  ' 


13-43, 


13-44. 


It^  13-4X  thtpugh  13-^4  pertain  .^o  ^ 
the  following  o»trol  mid  iwif sty 

A.  Spring- loaded  relief  mlve 

B.  Water  regulating  valve 

'   *  '* 

G .    Low-pressure  cutout  siritch 

Evaporator  "pressure  regulmtiog 

valve'  ^ 

E.  High-pressure  cutout  switch 

F.  Water  failure  switch  4i 
;G.    Oil  fsijure  switch 

If  the  pressure  setting  of  the  device 
is  too  iow^v  water  will  freeze  in  a 
water  cooler  equipped  with  a 


U 
2. 
3. 
4* 


B 
D 
£ 
F 


13-45. 


The  coaxes sor  will  st9ip\*ihaiJ:^the 
pressure  reaches  cutplit  point  and 
start  when  the  pressure  drops  to  reset 
point-  provided  you  correctly  set  the 

1.    B  , 

2..   C       ^  . 
3.    D  ^ 
4-  E 

The  proper  rate  of  cooling  water  flow 
through  the  condenser  is  m«intained-by 

the 

1.  A 

2.  B 

3.  D  ^ 

4.  F 

What  device  will  perform  the  intended 
function  of  F,  if  F  fails  to  fuqctioh? 

1.  A 

2.  B 

3.  C  I  ' 

'  / 

What  device  in  the  refrigeijfent  liquid 
line  protects  the  solenoid  valve  and 
thermostatic  expansion  valves  frow 
foreign  isatter? 


ERIC- 


1.  TXV 

2.  Liquid  strainer 

3.  Dehydrator 

4.  Themsometer 
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l^<^46.    Wby  is  copp«r  u«i^  to  mkm  r«f rl^erttor 

Copper  tnt^ruml  *urf«ce|i  *r«  mootb 
enough  to  Hinimlsft  fricticm 
Co|>p«r  is  not  corroded  by  irafri^crut 
Copp«r  tubing  is  Msily  shaped  to 
«sst  rsfrlg«rsti<»r^«quir«Bi&)ts  ' 
For«sXl  ths  sbovs  rsMoos 

i3-47^    Esfsr  to  tsxtbook  figurs  18-19.  The 
uppsr  cavity  of  the  p&cklsss  valve  J^s 
ssa}.ed  off  Irosi  the  lomr  cavity  by  a 

1.  diaphragm 

2.  ball  check 

3.  balancing  port 
^  4*  lover  stem 


Learning  Objective:    Specify  the 
procedures  for  starting,  operating^ 
and  securing  a  refrigeration  system. 
Textbook  pages  405  through  408. 


13-51- 


13-53. 


13-48. 


13^49. 


How  often  should  a  refrigeration  system's 
teaperatutes  and  pressures  hi  checked  in 
the  absence  of  specific  Instfructions 
that  state  otherwise? 

1.  Hourly 

2.  Every  2  b|^8 
3«    Once  each  watch 
4.  Daily 

When  water  is  taken  from  a  firemain,  the 
pressure  reducing  valve  ahead  of  the 
water  regui;^tiag  valve  should  be  set  so 
that  the  weter  pressure  will  NOT  be  acre 
than 


13-54. 


2. 
4. 


13 
25 
35 
45 


psi 

psi 
psi 
psi 


13-50. 


Before  setting  the  controls  on  automatic, 
you  should  check  the  operating  pondition 
compressor  by 


of  the  motor  and 


13-55. 


1.  cracking  the  compression-suction 
valve 

2.  starting  and  stopping  the  4nit» 
several  times 

3.  bringing  the  discharge  pressure  to 
125  psi 

4.  "  checking  the  temperatures  iaf  the 

unit  with  all  refrigerant  'system 
valves  closed 


Which  of  thm  foUoittag  syvptosss  lirficatm* 
that  liquid  refrigerasit  is  being  diraiim 
Isto  xba/co«presMr?        ^  ^ 

1«  Frpat      tbft  compressor  cranlccase 

2«  Frost  on  suction  valve 

3.  Unusual  knocking  of 

*•  Sach  4*  tlw  above 

Tiie  cQode^sing  pressure  of  refrigeration 
•ystea»  equipi^  with  water  regulating 
Valves  el^uld  be  maintained  at 

!•    50  to  60  psi 

2.  125  psi  I, 

3.  100  to  110  psi 

4.  175  T»si 

An  R«12  refrigeration  plMit  is  supplied 
with  cpol'ing  water  from  either  a 
centrifxigal  pi«p  or  from  the  fire  and 
flushing  main.    Hhent  if  ever,  is  the 
puBp  controller  switch  of  this. plant 
opened  manually? 


1* 
2. 

3/ 
4. 


When;  coolijig  water  is  from. the  pump 
When  cooling  water  is  from  both  the 
pus^  and  the  main 

When  cooling  water  is  from, the  main 
Never  >  \  ' 


When  securing  the  ccnspressor  of  an  11-12 
refrigeration  system  fot  a  short  period 
of  time,  you  should  first  « lowly*  close 
the 

1.  sain  liquid  valve  after  the  receiver 
to  prevent  a*  rapid  fluctuation  in 
suction  pressure 

2.  water  supply  to  the  condenssr  to 
limit  the  quantity  of  water  to  ttje. 
condenser 

3.  comprei^sor  suction  valva  to  prevent 
a  rapid  reductioii  In  crankcase 
pressure 

4*    compressor  discharge  ahutoff  valve  I 
to  prevent  a  rapid  increase  in 
crankcase  pressure 

Why  should  two' compressors  serving  the 
same  cooling  coil  NOT  be  operated  at 
the  same  time?  \ 

1.  Because  oil  may  be  transferred  from 
one  compressor  to  another  and  cause 
serious  damage 

2.  Because  of  the  compressor  discharge 
differential  pressure 

3.  Because  of  the  compressor  ssotor 
electrical  interlock 

4.  Because  of  all  of  the  above" 
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Lamrningf  <&J  «c tlv»  t    J)#p_cr Ibii  th« 
typmM  of  uisiteixaac^  imd  procedure 
r«<iuir«4  for  a  properly  op«rmtiag 
:  r«f  rlgaratioa  »y«t«ii.  T«xtlK>ok 
pagM  408  throui^  414* 


13-56. 


An  EH3  K2i2  «r«  rMpouftibl*  for  vhlcb 
of  t}Mi  folloirixig  Miiit«tuae«  joba  on 

1«    Purgiug  A  syatftB  of 'nsacoudenssble 
p»  gjuiea 

TMting  for  refrig«t^|Mit  iMki  vlth 

a  halida  torch 
3.    Adjusting  rafrig«ration  ayatam 

cpntrola 
4-    All  of  the  aboya 


13-57. 


A«^ecoMaaded  dafroating  practice^  for 
af f actlva  cooling  wlttv  tha  averaga 
cold-atoraga  rafrigaration  installation 
ia  to  dafrqat 

1,  daily 

2.  vaakly  I  ' 

3-    coolixxg  colla  before  the  average 
froat  thicknaas  reaches  3/16  inch 

4f    whan  the  f rof t  thickness  at  any 
location  on  the  eooling  coils  is 
1/2  inch  or  mora 


13-58.    You  are  pimping  down  a-systep  for  minor 
repairs  on  lines  between  the  receivet 
and  cooling  coils.    Which  of  the 
following  precautions  should  you  observe 
before  making  rajjairs?^ 

1.    Blow  out  all  R-12  ga^  from  the 
•  isolated  aection  that  has  been 

opened 

2*    Allow  the  lines  to  return  to  nonoal 
temperature  after  pumping  them  down 
and  before  opening  them 
3.    Pump  the  lines  \down  to  a  feV  pounds 
above  atmospheric  pressure  before 
opening  them 
4'.    Csp  removed  sections  of  line  to 
prevent  loss  of  refrigerant^  from 
them 

13-59-    When  you  must  pump  down  an  entire 

refrigeration  system  for  major  repairs, 
I       you  should  begin  the  pumping  operation 
/       by  interrupting  the  flow  of  R-12  at  th 


13-6tf>  You  ara  in  the  process  o£^  draining  tha 

rafrigermtdUm  charge  from  a  refrlgaratioa 
ayati^*    What  aKmild  you  do  after  tha 
co«q;iraaaor  haa  bean  stoppad  by  tha 
Xoi^-pras  sure  control  switch? 

1.  Clo«a  tb#  eoi^raaaor  discharge  Una 
valve 

Z.    Clpsa  all  liquid  valvas  at  the 

cooling  coil  — 

3.  C^act  aa  ampty  il-12  aarylca  drua 
to  the  rafrigerant  drain  valve  ^ 

4,  Restart  ,  tha  cc«*preaaor  manually  and 
"continue  pui^is^  down  until  auction 
pressure  reachea  appr^|i3d»ataly 

2  paig 

13^61.    Before  conniecting  an  R-12  service  drum 

to  the  refrigerant  drain  valve,  which  of 
tha  following  steps  should  you  take? 


1.  Cool  the  drtM.  to  expedite  draining 

2.  Weigh  the  drua  to  dateraina  its 
capacity 

3.  Adjuat  the  tcMparature  of  tha  drum 
to  that  of  the  refrigerant  , 

4.  Vent  the  drum  to  the  atiaosphere 

When  draining  tha  refr;ik«^*«^t  charge 
from  the  refrigeratioA  eystaa,  what 
should  you  do  to  ensure  that  the  service? 
drum  is  NOT  filled  beyond  rated 
capacity?  «  . 

1.  Ke^iire  the  te£per*ture  • 

2.  Measure  the  pressure 

3.  fweigh  the  drum 

4.  Both  2  and  3  above 

After  draining  a  refrigerstion  system, 
what  should  you  do  with  the  R-12  vapor 
remaining  in^  the  condenser  and  receiver? 


13-62. 


13-63. 


13-64- 


I. 
2, 
3. 
4. 


h^ 


compressor  suction  line  stop  valv 
compressor  discharge  line  stop  va^e 
main  liquid-line  shutoff  valve 
cooling-coil  solenoid  valve 


1,    Discharge  it  to  the  atmosphere 
i  2.     Condense  and  release  it  slowly 
3-  ^Compress  and  return  it  to  the 

evaporator 
4,     Remove  it  by  pumping  air  into  the 
system 

) 

Which  of  the  following  conditions  may 
indicate  loss  of  refrigerant  ftom  a 
refrigerating  system.? 

1.     Short  cycling  ^ 
2>     Frosting  of  the  compressor  suction 
line  *  . 

3.  Excessive  lubrication  oil  pressure 

4,  Relatively  low  crankcase  and  cylinder 
temperatures 


/ 


13-«S. 


Sonud  ojMMratioa  of  tiwi  h«Ud«  le«Jt 
detector  in  an  atnoaplwr*  o£  tb«t 
ii  fre^of         ic  iadic*t«*^y, « 

1*    yellow  £1«M  , 

2.  hlvm  fUae 

3.  purpl*  flame 

VRuit  fl&me' color  in  a  halfda  luk 
detector  iodicetM  exccMive  qum&titlM 
of  £-12  iix  the  eir  surrounding  e  leeklng 
refrigereut  eyetea? 


13-67. 


13-68. 


3. 
.4- 


\^lte 
Yellojtf 
?urpl* 
Green  v 


Wiet  fibould^^you  do  When  the  £lese  of 
the  heiide  leek  detector  ie  yellow  or 
white  in  col^r? 

1.  Hold  the  and  of  the  exploring  tube 
^.erther  ewey  from  the  joint  being  < 
tested 

2,  Clean  ou&  the  interior  of  the  torch 
exploring  tiibe 

3,  Adjust  the  reactor  piat«  end  make 
sure  it  1»  properly  ia  Jjlece  , 

4.  Adjust  the  f Ism  until  a  neutral  or 
green  color  prevails 

&-12  Is  being  lost  fros  a  refr^gerstinii^ 
system  but  you  ere  unable  to  use  the  ^ 
halide  torch  because  of  excessive  R-12  . 
in  the  atanosphere*    What  should  you  do? 


1.    Recharge  the  aystesi  to  nonaal 
capacity 

2;    P\4flip  down  the  system  and  apply 

^  comprcased  air  through  an  attaosphere 
^vent 

3,  .Apply  soapsuds  td  all  joints  in  the 

system  and  look  for  bubbles 

4.  Apply  light  oil  to  ^l^  joints 'in 
the  system  and  repeat  the  halide 
Itorch  tests 

13*-69,    When  searching  for  leaks  with  the  soap 
test,  how  long  should  you  wait  for 
bubbles  to  fo>Tn  froa  a  small  leak? 


Figure  138.- 


-Siftpllf  led  disgrsiB  of  a 
refrigeration  systes. 


13-7j0«    How  should  you  ri^ve  trapped 

nonccmdensable  gases  frc»  the  isystea 
shown  in  fi^re  13B?  '  ■ 

1*    Fuap  down  t\m  systea  and  bleed  off 

cc^ressed  liquid  and  ^as  dt  E 
2*  'Open. the  lln^  at  F  to  the  sfaosphere 

While,  the  systea  Is  operate 
3*    Stop  the  ccmpressor  and  veni  gaaes 

to  the  ataosphere  at  D 
4»    Briefly  open  the  gage'  connection  at 

C  while  the  systea  is  operating 

13-71.    ^ou  can  deteralne  whether  the  systea 

shown  in  figure  18-13  contains  excessive 
aaounts  of  noncondensable  gases  by 
cc^aring  the  tesperature  at  E  Irith  the 
pressure  teaperature  at  C.  However, 
purging  is  necessary  only  when  the  * 
difference  between  the  two  temperatures 
exceeds  a  tMvfmi^m  of 

1-     l^F  ^ 
.  2-  3*F 
^  3.  5'F 

'4.  -  7*F 


1,     15  seconds  or  Tess 

2-     30  seconds  or  less 

3.     45  sieconds  or  less 

4*  I  60  seconds  or  inore' 


erJc 
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!  '  Vbmt  iM  tht,  eorratt  proc«dur«  for 
chmcklug  th«  actVAl  oil  Uvsl  la  « 
;  {4Drc#- lubricated  ««^pre»«pr  if  oil  ^ 
^Mn  Added /*nd  It  hm«  hmmx  iaop«r«tiv« 
for  several 'tfukt? 

1,  Obstrvc  tbt  oil  leviel  la  the  eight  . 
glees  b^re  itertiag  the  ccs^reeapr 

2.  Operate /the  compressor  on  manual 
Vcontroi  for  an  hour  or  more  and 

^      observe  the  oil  level  in, the  sight 
glass  immediately  after  stopping 
'  the  ci^reseor 
.  3.    Stop  the  compressor  and' check  the  ^ 
,   *  ^-oir  level  with  the  crankshaft  and  ^ 

•  \   •         •  xpomiec ting  rod  ends  ijmftersed  in  the 
.  lubricating  oil 
4/   Stop  tjie  compreisor  axid  check  the 
.  '  oil  l^vel  with  the  crankshaft  and 
connecting  ,rod  ends  out  .of  the 
lubricating  oil 
•  & 

13-t73.    What  should  you  do  to  remove  oil  from 
a  compressor  that  has  no  drain  valve? 

1.  Stop  the  compressor  and  close  the 
suction  and  discharge  ll^e  valves 

2.  Reduce  crankcase  pressure  to  about 
1  psi  by  slowly  closing  the  suction 
line  stop  valve 

3.  Loosen  the  drain  plug  just  enough 
for  oil  to  seep  out 

4;    Do  all  of  the  above 


13f74»    On  a  refrigeration  system  with  staal 

connectic«»t  b«»  often  a^totdd  oil  itt  a 
.   compressor  craakcasa;.be  checked  for  • 
contamlDMit^icm?  . 

1,  Annually  .  -  ' 

2*  Every  3  montha  ^ 

3.  ,S«iaanualiy  ^ 

k,  Weakly      ^  /    -  « 

I3k75.    What  should  you  d6  when  one  of  tlie 
belts  la  a  Multiple  V-beli:  drive  Is 
mtrptched  excessively? 

^         1.    Replace  the  defective  haU 
Replace  all  the  belts 

3.  Tighten  the  defective  belt 

4.  Treat  the  defective  belt  with  bJ 
dr easing 

■# 


t 
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A&signmenf  14 


HefriKeration  (Continued);  Air  Coaditloning;  Additional  itoiliary 
X«tbook^45i»i«s»wt:    Pages  414  thrwgh  459 


Learning  Objective:  Point 
various  operating  ranges  jwc^ 
procedures  for  setting  controls 
and  safety  devices  in  ref^rig«rs- 
tion  systens  and  indicate  soae  of 
tUS  operating  features.  .T«tbook 
pages  414  through  419. 


14-4. 


14-i,    What  adjustment,  in  the  high-pressure^ 
switch  will  raise  the^cutout  point 
without:  affecting  the  cut-in  point? 

'  1.    Turning  the  range  adjusting  screw 
clockwise 

2.  Turning  the  range  adjusting  screw 
countercloeskwise-  - 

3.  Turning^ the  differential  adjusting 
screw  clockwise 

4.  Turning  the  differential  adjusting 
screw  counterclockwise 

You  are  in  the  process  of  adjusting  the 
high-prps8ure  switch  of  a  refrigeration 
plant »    Wliat  action  do,  you  take 
iwaodiately  after  raising  the  compressor  ^ 
discharge  to  10  psig  above  the  desired  ^ 
cut-rin  pressure? 

1*    Turn  the  range  screw  clockwise  until 
the  cont|«!ts  close  ^ 

2.  Turn  the  range  screw  counterclockwise 
until  the  contacts  open 

3.  Turn  the  differential^ screw 
countfferclockwlse  all  the  way 

4.  Turn  the  differential  screw  clockwise 
ail  the  way 


14^2. 


14-6. 


14-7. 


14-3. 


When  setting  the  high-pressur^  switch, 
the  differential  switch  is  turned  in 
which  of  the  following  directions? 

A.  Count  ere  lo'ckwise 

B.  ^Clockwise 


1. 
2. 
3. 
4. 


B,  A,  B 

A,  B,  A 

B,  A 
A,  B 


1 


wish  to  sat  the  iow-pr«A«ur«  switch 
of  a  refrigeration  plant  so  that  it  will 
cut  out  at  50  psig.    With  th«  coapreasor 
operating  you  should  act  tba  wction 
pressure  td 

1.  30  psig  and  turn  the  range  aci^ew 
clocicwisa  until  the  switch  contacts 
close 

2.  50  psig  and  turn  the  range  screw 
count  ere  lockwiae  tintil  tba  switch 
contacts  open 

3.  30  psig  aM  turn  the  differential 
screw  clockwise  i*ntil  the  switch 
contacts  close 

4.  50  psig  and  turn  the  differantiaX 
screw  ccHKiterclockwisa  until  the 
switch  contacts  op^ 

The  water  failure  switch  is  set  properly 
when  it  cuts  out  at 

1.  ^5  psig  and  cuts  in  at  15  p'iig 

2.  10  psig  ^md  cuts  in  at  20  psig 

3.  15  psig  and  cuts  in  at  5  psig 

4.  20  psig  and  cuts  in  at  10  psig 

Which  of  the  following  control  devices 
"  is  controlled  by  pressure  changes  that 

are  brought  about  by  changes  in  texspera- 
y*ture  in  the  refrigeration  compartment? 

failure  .switch 

_ttic  switch 
il  expansion  valve 
Automatic  reducing  valve 

If^he  'refrigeration  plant  is  NOT 
operating  satisfactorily,  what  is 
normally  the  first  step  in  checking 
the  system? 

1,  Test  the  discharge  valves 

2,  Test  the  suction  valves  ^ 

3,  Shift  the  compressors 

4,  Short  cycle  the  compressor 
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14*-8.    Whan  tMtiiog  for  a  iMUng  dl«charg« 
valve»  liWch  of  the  followiufi  are  the 
first  atid  iaat  proc«dur#*?  ' 


14-12. 


1. 

3. 


A,  Stop,  the  compressor 

B.  Pump  the  compressor  down  to  2 
psig 

Close  the-suction  aod  dlsch^xge 
ira^vas 

D*    Check  the  rate  of  drop  pf 
discharge  pressure 

A.  C 

B,  D 

A,  D  ' 

B,  C 


iV^, 


14-9. 


When  a  seal  is  being  -replaced  on  the 
^compressor,  why  should  the  oil  drain  be 
iitt  open? 


14^1^^ 


1.  To  allow  the  oil  ta  continue  to  drain 

2.  To  prevent  pressure  buildup  from 
R-12  in  the  oil 

3.  To  prevent  foaming  of  the  oil 

4.  For  each  of  the  above  reasons 

14-^10.    After  replacing  a  shaft,  seal  on  the 

compressor,  how  do  you  check  for'  a  leak? 

1,  Pump  down  the  compressor  and  look  for 
oil  . 

2.  Fill  the  crankcase  and  look  for  oil 
3".    Open  the  auction  and  discharge  valves 

and>check  with  a  halide  leak 
,  detector 

4,     By  each  of  t^e  above  methods 


ifhw  R-12  coaies  in  contact  with  an  open  ^ 
flata  or  a  high  ttaperatura.  j^^ecowes   .  .  . 
a  health  hazard.    Which  of  the  following; 
is  an  iaiication  of  this  condition? 

1.  A  pungent  odor 

2.  An  irritant  to  breathing  *:  . 

3.  -  Both  1  and  2  are  correct  \. 

4.  The  saell  of  new  mown  hay  . 

What  percentage  of  capacity  is  the  limit j^. 
to  which  an  Jl-12  cylinder  should  be 
filled?    '  .  . 

■■  *  ■      ■  ' 

1.  75Z  ,   .  ■ 

2 .  BOX 

.3.    85%  ,  ■ 

4.    90%  -  "  • 

Which  of  the  following  articles  of 
safety  gear  p»ist  you  wear  when  working 
with  R-12?-  /  . 


1,  Apron. and  gloves. 

2«  Goggles 

3.  Mouthpiece 

4,  All  of  the  above; .articles 


14-15- 


What  fir'st-aid  treatment  should  you^ 
administer  in  case  H-12  comes  ^in 
contact  with  your  skin? 

lA  Hub  or  massage  the  affected  area 

2.  Imerse  the  affected  part  in  a  warm 
bath 

3.  Apply  nonirritating  oil  tp  the 
affected  skin  M 

4.  Bathe  the  affected  area  With  strong  w 
noap  and  water  ^ 


Learning  Objective:'  Identify  the 
safety  precautions  to  be  taken 
when  handling  refrigerants, 
book  pages  419-421. 


Text^ 


14-11,     Gaseous  R-12  is  a  health  hazard  because 
-it  ■      ^  - 


Learning  Objectii^e:  ^Specify  the 
purpose  of  air  conditioning, 
identifying  the  various  principles 
affecting ^its  efficiency.  Textbook 
pages  422-426. 

g>  


1. 


-3. 

4, 


poisons  on  contact  any  food  that  - 
contains  milk  or  eggs 
irritates  the  eyes  unless  it  is 
diluted  with  at  least  an  equal 
an^unt  of  air 

will  not  support  respiration  - 
explodes  when  it  cptse  in  direct 
contact' with  a  hlgh-teroperature 
ppen  flame 


14-16. 


( 


.In  addition  to  contributing  to  the 
comfort  and  fitness  of  the  crew  aboard 
ship,  air  conditioning  also  performs 

'which  of  the  following? 

K     Prevents  deteifioration  of 

amsiuniSio.n  in  storage  spaces 
2.     Maintains  temperature  at  specifl-ed 

levels  in  electrical  and  electronic 

equipment  spaaes  • 
1.   .Prevents,  excessive  pressure 

buildup  in  containers " in  gas 
■    storage  spaces 
4.     Does  all  of  the.  above 
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6 


'"is 


.^4-17»    The  dewpoiiit  .of  air  is  dtfiincri  a«  the 
temperature  At  wliich 


14-23/ 


1.  tb«  specific  bu^ity  i«  100  gratns 
per  poutki  of  dry  air  *  \  • 

2.  the  air  ig  aaturatad  with  molatura . 
'3.    any  increaaa  in  tesiparatura  wlil . 

.  ^  cause  aoisture  to  condanta 
4.  ^daw  vajKjrisas  into  ttws  air 

.  14-18,  .  jj^^jtHpondition  will  occur  if  the' 
'    *    .  «    *^^iiy*'**^"  of  the  a±r  im:raaaes  vhile 
,    \  the  amount  of  i&oieture  ia  the  air 
r.  -       .rcawins  Constant? 

%  The  specific  luimidity  will  increase 

^    2.  The  8p«:ific  huaidity  will  dacrwse 

•  3,  The  relative  feuolidity  will  increase 

•         4,  The  relative ;humidity. will  dacr^se 

,  14-19,  ,  The  relative  humidity  of  air  is  th^  ratio 
,  .  ,  between  *t he  actual  amoupt  of  water  vapor  ' 

^        ,    '*in  a  sample  of  air  and  tha 

^     *'         1,  J  weight  of  the  sample 

2.  voiuae  of  the  ^aaplls  ^ 

3, ^    ajiount  of* water  vapor  the  saxapfe  ^ 
'  -  ;  WQ^d  h9ld  ,if  it  were  saturated' 

V  4.^W^olnt  of  ^he  sample'*       ^  , 

wfi'igh  a^iq^;gpharic^4HHad4;;^iw  

,  ^  dift|ct;ly  measured  with  a* sling    '  ^ 

.*         psychropeter?  .  -  ' 

>         1.    Latent  heat  ^  ^ 

.  2.  iDeWpolnt       -    .  %  . 
'  '    ■     3,    Wet'-bulb  temperature 
,4.4*    Specific  humidity 

*I4-2X.    Ffpsj  wliatj  source  ^does  most  of  the  body 

heat  come?  '  ^ 

.   ii   'SurrouiKlings  that  ta<^iate  heat^ 

2,  -,  Currents  of  heated  air  ,  * 

3,  Physiological  processes  within  the 

4,  'Objects. that  transmit  heat  by\ 
'  cjon^act 

#' .  * 

l4-22^    The  lopfj'Of  latent /heat  from  the  human 
.    .  *      body  is  by  .  ^    ,  ' 

1#  ^.evaporation 

2-  '  radiation                        •    "  ^ 

3.  conduction  .  ' 

4.  convection 


14-24. 


What  tyj>6  oi^^^eit  los^s  directly 
'  asiociat«d -wl?h*  bftldg  Wposed  to  *  ^ 
clreiilatiiig  ailr^   .  r  '    •  . 

1*    Sadiatlon  - 

2,  Convection      ^  ' 

3,  Coaductl^tt. 

4  »    B^^^ratioa  ^ 

The  quantity  of  haat  that  will  be  '  ^ 
given  off  by  a  grpup  of  2Q>8aiiors 
seatad  in  a  clasarqoa  wilX  avaraga 
about 


1,,  5,800  Btu  p^r  hour 

2.  &,400  Btu  per  hour 

3.  7,0(K?  Btu  per  h^r 

4.  7,600  Btu  per  hJmr 


14-25, 


When  ycai  remain  stationary  in  a  space 
where  the  air  is- p*rf e^tly  still,  what 
happens  to  the  envelope  of  air  that 
surrounds  your  body?  . 

1.    It  absorbs  water  vapor  froa  your 

body  /  *  ,  • 

2*    Its  relative  humidity  increases 

3.  Its  temperature  increases 

4.  All  of  the  above 


'i:4-4&;r 


Whar  ts^^he  T>6"sr  r ang"e  vw^e^^^ 
laimidity  for  health. conditions  and 
cosifott  in  a  cold  cliiaste?,  . 


1.  30  to  40Z 

2.  40  to  50% 
.3;  50  to  60S 

-4.  30  to  70% 


i 


Learning  Ob:iective;    Idetitif y' the 
construction .and  function  oj  typical 
ventilation  and  ^^-ooling  equipment ♦ 
Textbook  pages  426-43  7. 


14-27.     Vane-axlai  ventll&tlng  fans  should  be 

operated  with%  the  air.  ducts  open  so  that 

y  ,  ^ 

1.     less  el^ictrical'  current  will  be  used 
^  2,     a  large  volume 'of  air  can  be  heated 
'  at  low  pressures 
3,     the  motors  will  not  overheat  ^ 
4-     alV  distribution  can  be  limited 


14-28 • 


How  is  wtiar  kept  frra  entering  a  duct 
system  when,  due  to  hMvy  sMS,  wat«r 
enters  the  bucket  of  a  waterproof  venti- 
lator faster  than  thc^bucke^  can  drain 
off?     *  ' 


l.« 


2. 


4. 


14-29. 


On  reaching  a  preacribad  depth, 
water  in  the  bucket  actuates  the 
gear  which. cldsea  the  ventilator 
On  reaching  a  prescribed,  depths 
vwater       tije  bucket  trjj)*  a  lever 
which  allows  the  buck\s^4  to  empty 
onto  ^the^eck 

As  water  riaes  in  the  bucket,  aore 
*  tubes  take- part  in  emptying  the 
bucket  through  acuppers 
The  weight  of  water  in  the  bucket 
lowers  the  -bucket  and  sealfr  df  f  the 
system 


Cool  dry  air  blown  Into  a  compartment  by 
a  refrigeration  system  oooli^  'the 
compartment  by  ^ 


2. 

3, 
4. 


raisixig  the  humidity  .\ 

holding  th^  humidity  aft  a  constant 

level 

forcing  ^the  warm  ait  out 

absorbing  he^t  and  moisture  from  the 

,air..  „.  .  .. 


14-30.    Compared  to  air  conditioning  systems, 
refrigeration  systems  have  suction 
pressures  and  evaporator  temperatures 
that  are        ^  '\ 

higher        ,         -  ^ 

r     •  .    ^  ^' 

about  equal 

higher  and  lower,  i?espectively 

In  the  vapor  compression  chilledii^ater 
system,  wh^re  is  the  heat  remc^ved  from 
the  seconcjary  refrigerant? 


1. 
2. 
3. 
4. 


er 


In  the  water- chil 
In  tht  coridenser 
in  the  rejtrigerant  receivers 
In  the  float  chambers 


14-32. 


In  a  centrifugal  refrigeration  plant, 
what  releases  the  re'frlgerant  to  the 
chiller?  > 
■       <   .  (/^ 
. 1-     Compression  valve 
2,     Suction  valve 
3;     Float  valve 

4,     Differential  compression  valve 


14-33. 


^4Aiikn  water  leaves  the  tooler  of  a 
'  chilled  water  circnlatlng  systM, 
haa  a<  ti^eratute  of 


it 


1. 

2. 

4. 


3^  to  40*F 
4p*  to  45*# 
45*  to  '50*F 
50'  to  55*F 


14-34*^  '  In  a  refrigeratixig  ayat«i  that  has  a  ' 
centrifuglil  coaprea«or„  what  preaaure  - 
actuates  the  high-prenaure  switch? 

1.  High  condenser  pressure 

2.  Low  lube  oil  preasure 
3,.    Evaporator  pressure 

4.    Seawater  pressure  * 

14-35.    the  centrifugal  refrigeration  control^ 
device  which  depends,  on  seawater 
pressure  for  its  functioning  is  called 


1.  chilled-^water  pressure  failure 

switch      '     ^    *  "  ' 

2.  condenser  water  pressuM  failure 
-^^itch  '       .  i  ' 

3.  chilled- water  temperature  control 
switch  *      ^       ^  ' 

*         4*.    hlgh^pressure  switch 

14^36*    eil -heaters i^re  used  when  the  compressor 
■is  off.    Wh4t  is  the  purpose  of  the  oil 
heater?  / 

■my  '  ■ 

L  - 

.1.    ^o  heat  the  oil' when*  the  compressor 

is  on  standby 
'2.   ^o  prevent  refrigerant  from  . 
entering  the  oil  * 

3,  To  reduce  viscosity  of  the  oil      ,^  ^ 

4,  To  do  both  2  and  3  above 


14-37. 


^f^ 


he  first-stage  impeller  of  a  centri- 
fugal ref rigesating  compressor  performs, 
all  ^SCCEPT  which  of  the  following 
functions? 


1.  Drawing  vapor  into  the  compressor 

2.  Comprejpsing  vapor  drawn  .into  t)i^ 
compressor 

3.  Discharging  c5mpressed  vapor  to  the 
second-stjage  impelled 

4.  Discharging" compressed  vapor  to  the 
condenser       .  - 

14-38.     Instead  of  a  thermal ,  ex^pans ion  valve, 

'many  packaged  unit  air  ^conditioners  are 
fitted* with  ^  ^  ^    ,  ,       •  ' 

4 

1.  *   float  valves 

2.  economizer  chambers  • 

3.  adjustable  high-pressure  switches 
4,.    capillary  tubes 
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14-40. 


jThich  of  th«  following  <:ioo|K>n#iits  ol'a 
pAckiga  unit  air  eondltiouar  c*ti  ; 
«dju«t  after  It.  !«  last&IliKi? 

«  *      '  ' 
. 1,    High-pressure  switch  . 
2..    L^pw-pressmr©  switch 
3.    Water- regulating  valva  ^ 
^ ,    Therwal  expansiou  valvs  ^ 

JWhsn  s,  fan-coil  asstaablj  is  installed 
'  in  a  ship  ft  it  is  used  in  coQjunttlon 
with  * 


1. 
2. 

3. 


packaged  unit  air  conditioner 
refrigerant^ircuiatiog  air  - 
conditioning  ays  tent 
refrigeranc- circulating,  reftigera- 
tion  system 

^chilled-water  circulating  systexa 


14-41- 


14-42. 


Wtet.fMture  of  a  fan  coiX  asseu^ly 
permits  a  change,  of  capacity? 

Cooling  coil  bypass 
2.    Belt  drive  of  xhe  centrifugal  fan 
3«    Adjustable  daiapa|:  * 
4,    Removable  end  panels 

-1-  T-^.   

Learning  Oblisctiye:    Desci^ibe  the" 
Construction  and  futidtion  of  air 
heating  equipment;    Textbook  pages 
437-442. 


Why  is  the  T-type  qoH  arrangement  used 
instead  of  the  S-type  in  large  size 
ventilation  heaters? 


1. 

3. 

'4/ 


0 


T-type  wei'gh^  less 
T-type  occupies  less  s^ce 
•T-type  is  more  efficient 
T-type;  ha^  fewer  tubea 


14-i>4,   .Couvactor  hieaters  jind  unit  hrftatets  »ay^ 
'V        usad  in  ^aH  BCCEPT  which  of.  tte  . 
foMoirtng  haatijog  syfttaM? 

•  ' 

1.    Forced  hot  water,  systa^^  ; 

2-  ^  ,  2CK)-psi  steM  system 

3-  .  100-pai  staam  ayst<^,. 
4>    SO^pai  stteiB  systi»  . 

14'*-45*    What  type  of  theiW)stat  i's  u6©d  .  to 

control  the  f low  of  staaa  to  prahaatars? 


1* 
2, 
3, 
4. 


Type  G 
Type  L 
Type  R 
Type  W 


14-46. 


14^47. 


14-48. 


14-43. 


During  coUd  weather  operations rel:i eaters 
in  large  recirculating  cooling  systems 
serve  to  ^  '  , 

1,  keep  certain  "spaces  "and  zones  at  » 
specified  tempefatures 

2,  prevent  condensation  in  the  ducts 
le^iding^to  engineering  spaces  ^  ' 

,3,     set  wp  temperature  differentials 

at.  dif  f  ci:t?nt  levels  in  a  room 
4.     supplement  the  heating  capacity  of 
the  corivector  heaters 


Which  cofi^inatlon  of  tharmostat  agses&ly 
and  valve  ass^bly^  is  used  Un  the 
tesapsratura' ragulator  thi^t  controls 
.the  flow  of  steaa  to  a  combinatloh 
heater? 

1.  Type  L  thaxw>stat,  modal  D  valva 

2,  Type  L  thenoostat.  modal  £  valva 
3«    Type  R  thermostat,  modal  D  valve 

^4.    Type  W  tharmostat,  modiU^  C  valVa 

The  .temperature  of  a  ventilation 
prahaatar  coil  is  prevented  from 
'falling  to  the  frtaxl^  point  by  a  • 
thartiK>static  control,  that  allows 
steam  to  pass  through  the  regulating 
valve  whan^  Ghe  temperature  id  the 
duct  on  the  weather  side  of  the'  . 
heater  falls  to 

1.  32*F  , 

2.  35*F  • 

3.  38*'F      V  ,  . 
4'.     41^F  ■ 

Wliat'kind  of  information  can  be  found 
on  -the  valve  bonnet  af  a  thermostatic 
assembly? 


1.  Length  of  tube 

2.  Operating  Jjsisaperature,  of  the 
bellows  ^ 

3.  ^    Steam  pressure  and  poppet  number 

4.  All  of  the  above 


tor 


lea^rning  Objective;     Identify  key  p61i>ts 
in  the  maintenance  of  ventilation  ^ 
equipment  •     T-extbo^  l^age  444. 


14-^49*     In  a  c.oniplete  air  conditioning  system', 

.    the  shipboard  ventilation  system  and  'its 
coivstituent '  p^rts  should  be  Isolated 
from  oth^r  component  systeran,     *  ^ 


14-50*    Why  should  dirt  b#  k«pt  out  of  a 
ventilation  &ymtml 

1.  It  re»trict1i  airflow 

2.  It  creates  a  fire  hazard 
3*  It  do^s  both  1  and  2  above 
4.  It  damages  the  filters. 


Learning  Objective:'  pei^cribe  the  . 
layout  and  operation  of  electro-^ 
Hydraulic  steering  gear*  including 
taaintenanqe  procedurea.  '  Teactbook 
pages  445  and  456. 


14-51.  The  amoutjt  of  oil  that,  the  Jk-end  of  an 
electrohydraulic  drive  dellAfers  to  the 
B-end  is  regulated  by  means  of  a 

1.  socket  ring 

•  2,  rack-and--pinion  assembly 

)  3.  tilt  box  .       '  ^ 

4.  synchronous  receiver 

14-52.    An  electrohydraulic  drive  which  was 

designed  to  transmit  rotary  motion  is 
to  be  used  to  move  a  ship's  rudder. 
'    Which \yirt        the  drive  will  be  replaced 
b^  a  pmoh? 

1.  Electric^  motor 

2.  hydraulic  motor 
3*  Hydraulic  pump 
4.  Tiit  box 


14-55.    The  steering  gear*  of  most  apdem  naval 
ships  are  rw»tcly  coiftroiled  from  the 
bridge  through  Ae  use  of  a/an 

1.    a.c,  synchronous  transmission 
systcoi 

.2*    hydraulic  teleawtor  nystea, 

3.  d.c.  pilot-motor 

4.  m^hanical  linkage 

14-56.    The  receiver  saotor  in  ati  a.c.  aynchro-' 
.ncHis  transmission  steering  syatem  turns 
at  one-half  the  spied  of  the  transmitter 
rotor  in  the  system. 


14-57. 


In  the  hydraulic  steering  assembly, 
which  component  eoimects  the  plunger 
to  the  iwchapicel  linkage  from  the 
'steering  geat  control  mechanism? 


14c59r 


( 


1. 
2, 

3, 
4. 


Rea»3te  receiver  element 
Elegtrofiydraulic  steering  connecting 
>lo^ 

El r ohyd taul ic  power  receiver 
Croashead  ^ 


The  pistons  of  f  reversible  ^ial 
piston  pump  are  "on  stroke  at  all  times 
because,  the  sociiet  riijg  is  set  at  a 
fixed  angle*  ^ 

When  a  steering  wheel  is  turned,  what 
force  produces  a  TOvement  of  the 
receiver  plungerii  iii  the  telemotor 
syste^? 


14-53  •    Assume  that  your  ship  is  running  before 
a  s.ale  and  the  following  seas  produce 

*'  heavy  strains 'on  the  rudder.  What 
mechanism  of  a  jioubie-ram  electro-' 

,  ^^hydraullc  steering  gear  eases  tfie  exces- 
sive strain  on  the, system? 

1.  Rudder 

2.  Variable  stroke  pump 

3.  Tilting  boxes 

4.  Relief  valve 


14-54. 


In  an  electrohydraulic  steering  gear,  the 
standby  pump  is  brought  into  operation 
by  the  \  ' 


1  . 

4, 


idle  motor  - 
rdnning  mdtor 
relief  valve 
six-way  plug  cock 


3. 
A- 


Electrical  power 
Fluid  pressure 
Air  pressure 
Steam  pressure 


14-60*    When  a  telemotor  system  is  being  filled, 
,  pumping  Is  continued  until  the 

)il.     forward  telemeter  is  open 
2*     oil  is  free  of  bubbles 
'     3.     oil, appears  at  the  air  cocks 
4.     replenishing  tank  is  full 

^ 

14-61.     A  leak  is  stopped  in  a<f  externally 
packed  telemotor  by 

1.     tightening  the  glands 

loosening  the  glands      '  . 

3.  tightening  the  leather^ 

4,  loosening,  the  leathers 
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14-63. 


14-64. 


1- 


14-65. 


14-66. 


14^2,    Whtis  m  t«Isttotor  >ystm  is  fxpoa«d  to 
low  Mibicat  t«aip«r«turM;  an  oil  with 
,  .  ^    what  pour  point  ihould  b«  u«*d? 

1.  -as*?  tb.40*F 

2.  -25*>  to  -40*F 
.   3.     ,  2*f  to  ?5*f 

4.       2*F  to  150*F 

By  installing  guards  iircmrd  expossd 
parts  of  the  stasring  gssr  rsas  you  can 
protsc^t  the  psrts  against  watar  daxaage 
and  rust*  ^ 

Which  of  tha.  following  dutieJET 
parformad  by  an  Sxiginaswn  standing 
vatch  in  tha  ataaring  enginaroos? 


I»    Cbacklng  tha  oil  laval  i&  the  / 
expansion  tank 
'2.    Faaling  with  his  bare  hands  for  hot 
parts  in  tha  ataaring  gear 

3.  Bleeding,  air  out  of  the  hydraulic 
ayatam 

4«    Each  of  tha  above 
» 

Clearance  between  tha  brake  drum  and 
band  increase  after  a  windla^e  has  bean 
operating  for  a  period  of  time. 

When  performing  maintenance  work  on 
hydraulic^  transaitsions,  which  of  th^ 
following  steps  *mist  you  always  take? 

^  %  ' 

1,    Use  a  strainer  whan  refilling  tanks 

tf  ^    with  clean  oil 

2fe    Clean  internally,  all  valye^  and 

piping  that  have  been  disassembled 
3*    Clean  all  parts  before  reassembling 

thfm         ^  ,  ' 

4.  Do  all  of  the  above  ' 


14-63.  .  Which  crana  classification  is  HOT 

incliklad  in  tha  genari^  typas?  . 

1.  Stationary  king  ppat 

2.  Hand  oparatad 

3.  travalittg  o 

■    4  .  Jib  '  '  " 

14'<-69^    The  of  a  cxlma  is  controlled' by  tha 


(■-. 


1.  king  post 

2.  bl(K:ks 

3;  rotating  ^^aar 

4.  shaavea 


si  . 


14-:>0»    To  pr^ent  fouling  of  tha  hoiatiixg  rope, 
a  crana  la  provided  with  , 

1:  fair-lead  ^heaves  * 

2.  blocks        ^  * 

3.  a  king  poat* 

4 .  a  grooved  drua  .  '  ' 


14-71. 


The  delicate  ^control  of t^  required  for 
handling  loads -with  a  crane  is  usually 
provided  by 


Learning  Objective:     Point  out  ^ 
maintenanc^e  procedures  for  yitiches 
and  cap8^ans  and  describe  c|knes 
and  their  controls.  Textbook 
pages  456  through^ 459, 


14-'67.     In  aaintaining  capstans  and  winches^ 
*  '  -       which  of  the  following  inspections 
shou'ld  be  conducted?  '  * 

1.  Check  for  oil  or  grease  on 'drums 
and  linings    ,  « 

2.  Check  the  deterioration  o^  friction 
clutch  linings 

*  3v     Check  the  load-holding  ^bilit-y  of 
.   '  ^  'shi,f ting-gear  locki^hg  devices 

*  4.    Do  each  of  the 'above 


an  elattric  motq;r  for  rotating  tha 
c  rana  ,     .  i  » 

reducfcion  gaaring  in  thp  crane 
rotating  sechanissi'' 
hydraulic  variablaf-speed  ^ears  for 
driving  the  hoisting  whips  and 
topping  -lifts 
4,  *  electric  motors  for  driving*  the 
hoisting  whips  and. topping  lifts 

The  hoisSing  units  of  a  crane  are  drivifn 

by  ^ 

1.  constant-spaed  €^ectric  motors 

2.  variable-speed  electric  motors 
1^    fi-'enijj  hydraulic  motors 

4.    A-end^hydraulic  pumps  .  * 

14-73.    What  device  pn  a  crane  is  provided 'to 

hold  the  lo^d  when  electric  power  fails? 


1.  A-end  hy'draullc  pump  ^ 

2.  Hydraulic  torque,  motor 

3,  Hand  brake 

4,  Electric  brake  .        '  ^ 


14-74.     The  neutral  position  of  the  A-end 

hydraulic  pump  on  a  crane  is  found  and 
retained  by  V 


1. 

3. 
4. 


a  §*end  hydraulic  motor 
a  centering  device 
an  electric*  torque  mo tof 
a  slack-takeup  d^^c^. 


Uhtn  A  erutt  U  tt««d  to  rmi««  light 
lo*4»,  th«  cmblm  hat  a  t«ad«kcy  to  , 
d«v«lop  slack  whim  Wif  ting  is.atarted, 
To  .prev«at  ilaek, 'tha  trmw  i»  prov^ad 
with  a/an 

1.  «l«ctric  tor<m»  motor 

2.  hydraulic  torqua  aotor 

3.  light-hook  payiag-out  davlca' 

4.  praaaura  at'roka  control  davica 


S 
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Assignmerif  15 


Additional  AuxYUrv  Equlpagnt  CCont  Wd)^  and  LmthM  and  Lathe  t^chinary 
Tfj^tbix^k  Aaaigoaaat:  .  tagea  459  through  504 


j'Xaamiug  Objectlva:    Idantify  the 

iprinciplaa  of  operation  and  mainta- 

; nance  proceduraa.  requirad  for 

; proper  oparation  of  gallay  aquip* 

laant.    Te;)(tbook  pages  459  through 

464. 


15*2- 


15-3. 


15-4. 


15-5. 


You  are  preparing  to  daacala  a  diabvaahar 
vhota  tanka  have  a  capacity  of  36  ' 
ga^ona#    How  amch  ortboplK>aphotic  acid 
85%  and  detergent,  r^pectivaly,  do  you 
a<jd  to  the  water  in  each  task  to  aaka  up 
the' proper  Cleaning  eolution? 


The  primary  concern  of  an  Engineaian  for 
the  maintenaiice  of  «tea&  cooki^  , 
equipment  ie'the^ 

J.,    cookefs       »  ^ 

2,  full- floating  doors 

3.  steam  jacket  < 
4«    valves  'or  piping 

In  a  single-tank  dishwasher,  the  washing 
and  rinse  sprays  differ  in  temperature  , 
and  are  controlled  by  separate  valves., 

In  a  double-- tank  dishwasher,  the  final  " 
rinse. is  activated  by 


1. 

2. 
4.. 


7  fluid  ounces;  18  fluid  ouncM 

is  fluid  ounces;  36  fluid  ounces 

126  fluid  ouncea;  9  fluid  ounces 

252  fluid  ouncea;  18  fluid  ouncea 


15-6.    When  descaling,  after  operating  a 

dishwasher  with  cleaning  solution  in  its 
tanks  for  60  minutea,  whet  should  you 

do? 


1, 
2. 
3. 
4. 


manual  control 

a  thermostat  control 

the  movement  of  dish  racks 

p||caj»  oYi  the  conveyor  belt 


The.  rinse  tank  of  a  double-tank  ' 
dishwashing  machine  contalais  a 
thermostatically  operated  switch  whii^h 
prevents  machine  operation  if  tbe  ' 
temperature  of  th^  rinse  water  drops 
below  ^ 


1. 
2, 
3. 
4. 


180  **F' 
190°F' 
200 
210*F 


1. 


2. 


3. 


Repeat  the  cleaning  procedure  with 
s  freah  cleaning  solution 
Drain  the  cleaning  aoliition  and 
rinse  the  tanka  several  tiMS  with 
fresh  hot  water 

Drain  the  cleaning  aolution^  and  A 
rinse  the  tanka  for  5  minutes;  first 
with  hot  water  and  then  with  cold 
watar^        '  .  / 

Drain  the  cleaning ^solutifcn,  rinse 
thoroughly  with  cold  water  and  blow 
dry  with  air  under  pressure 


Learning  Objective:  idantify 
auxiliary  boilers  and  ^helr 
controls,  a  Textbook  pagejjf  464 
.through  470. 


15-7,     In  -awater  tube  natural-circulation 

boll^  the  large  tubes  located  at  the 
front  and  rear  ends  of  the  water  and. 
steam  drum  tb^t  connect  with  each  drua 
are  referred  to  as         \^  ^ 

1.  generating  tubea       *  '  , 

'  ,2.,  water-'wall  tubes 

3.  downcomers    ^  •  , 

4.  coils 


15*8.    Where&E  tuitural-circulation  boilers 

depend  upon  a  difference  in  the  density 
of  rising  and  fsiiing  fluids  for- 
circujiation,  foreed-circulation^boil^rs 
circulate  their  fluids  with  the  help 
of  gvimps. 

V 

15-^9.    The  amount  of  oil  that  is  atomised  by  a, 
variable  capacity  «toai2:er  de||*nds  upon 
the 


15-14.    Which  Qf  the  following  types  of  control  . 

devices  responds  directly  to  changes  in 
,   "         tea^>erature?  ^ 

•        1, '  Limit  presauretrol 

2.  Stack  switck 

3.  Electrode-tTOe  feedwater  control 

4.  Photoelectric  safety  combustion 
control  ;  . 


1.  asaount  of'  air  adxaitted  to  the 
atomizer  and  the  oil  supply  pressure 

2.  amount  of  air  admitted  to  the 
atomizer  and  the  oil  pressure  in 

the  oil  return  line  ,         ,     .       •  ^ 

3.  difference  between  the  amount  of  oil«* 
entering  the  atomizer  and  the  aiaount 

^  ^       leaving  i^t 

4.  size  of  orifice  plate  installed  and 
the  oil  pressure  in  the  Supply  line 

15-- 10.    What  unit  of  a  variable  capacity  > 
atomizer  assures  that  there  will  be  the 
correct  comblnatidnof  air  and  oil 
while  the  burner  is  operating? 

1.  Oil  metering  valve  linked  wlth^  an 
air  admitting  regulator 

2.  Pressure  regulating  mechanism 
linked  to  atomiser  nut 

3.  Sprayer'plate  linked  to^orifice 
»  plate  • 

4.  Pump  linked  with  air  bellows 

15-11.     If  the  water  ^^evel  electrode  assembly 

in  textbook  figure  20-18  is  working  ^ 
properly,  the  feed  pump  starts 
automatically  when  the  water  Ifevfel 

' >  reaches  the 


1. 
2. 
3. 
4. 


low  end  of  electrode 

low  end  of  electrodeTIt^ 

low  end  of  electrode  3 
*inner  surface        the  .bailer 


shell 


15-^12. 


}  % 


^13. 


Wliich  of  the  following  regulating 
devices  employs  a  bellows  arrangement? 

1.  Float-type  feedwater  regulator       '  ^ 

2.  Limit  pre^suretrol       .  ^ 

3.  Stack  switch 

4.  Constant  pressure  governor 

Wlie^  modulatiitg  pressuretrols  ate  used' 
to  automaticalliy  regulate  burner  firing 
rates  as  boiler  loads  change,   the  air- 
oii,  ratios^for  5:he  burners  are  adjusted 
by  a  mechanism  linked  to  and  operated 
by  a  reversing-^type  motor.  ^ 


15-15. 


15-16, 


O 


15-17. 
15-18. 


Leamitig  Objective:    Test  boiler 
feedwater..   Textbook  p^ges  470 
through  474. 


What  publication  shou^  you  consult  for 
detailed  instructions  on  testing  boiler 
water  for  alkalinity,  hardness,  and 
chloride  content?  ^ 


1. 
2. 

3t 


Lual 


le  mariuf^kcttirer '  s  technical  manual 


KAVSHIPSV  Technl 

for  your  ship's  boilers 
Ti\e  manual  accompanying  a  Taylor 
comparator 
Any  of  the  ^bove 


In  preparing  a  sample  of  boiler  water 
for  an  alkalinity  test,  you  should  make 
sure  that  the  water  meets  which  of  thej 
following  conditions? 

1.  It  was  allowed  to  stand  in  an  open 
container  for  4  hours  or  more 

2.  It  was  not  exposed  to  air  long 
enough  to  absoi^!^  carbon  dioxide 

3.  It  was  heated  to  its  boiling  point 

4.  It  was  allowed  to  stand  until  its 
temperature  dropped  below  IPO^F 

A  burette  reading  is  made  from  the  top 
of  the  meniscus,  at  the  surface  of  the 
liquid. 

If  soap  and  ^ater  will  not  ptoperly 
clean  the  chemical  glassware  and 

^porcelain  used  in  testing  boiler  water, 
cleaning  should  be  done  with  a  solution 

-of  ■  . 


1, 
2. 
3. 
4. 

r 


lye  and  water 

alcohol  and  scouring  powder 
weak  acid 

alcohol  and  distilled  water 
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15-19  •    Both  tim  p&«adli^thJtl«lti  tMt  «d  -tlMi 
aathyl-^Durpln  test  for  «lk«littity 
itiould  M  u«td  OS  vftte^r  f i^oft 


2. 

4. 


bo^crft  that  h^vm  be«n  idl«  for  a 
loog  tiaifi 

tvm$bly  ftllmd  boilers  tbut  b^lve 
not  hmm  stMMd 

idle  boilers  that  hsve  beesi  stesaed 
stesttlng  boilers 


15-20.  •  Adding  pbenoiphthsleiu  dndicstor  to  so 
slksllce  solution  causes  the  solution 
to  turn 

1.  green 

2.  purple 

3.  greenish- grey 
-\     4 .  pink 

15-2ir   When  running  an  slkalin'ity  test  oirti 
ss^le  of  boiler  water  that  has  been 
^   steaaedy  what  agent  do  you  add  to  cause 
the  pink  color  to  disappear? 

1.    Phenolphthalein  solution. 
i.    Nitric  acid  ' 

3.  -  Mercuric  nitrate 

4.  Methyl-purple  solution 


15-22; 


What  tectaiiqu^  should  you  apply  in 
testing  ^e  alkalinity  of  water  in  an 
unsteaa>ed  boiler  if  the  water  is  not 
clear  enough  *for  the  methyl-purple  tes*?- 


15-24*    VSien  running  a  bard^issa  te^t  oc^  tNsiler 
water ^  ^rou  riwiuire  6.8  ml  p£  soap 
solution  to  maintain  an  u&broken  surface 
of  suds  on  tixm  sa^>le.    Wiat  is  the 
hardness  of  the  8afiQ>le? 

1,  0.02  eim  \  ^ 

2,  0,04  epa 

3.  0,06  ei»  * 

4.  0,08  eptt 

15-25^    In  the  chloride,  test  i  what  color  should 
the  saaple  of  water  be  when  the  ., 
blue- violet  color  vanishes?  - 

!•  Gray 

2.  Pink 

*     1^    3.  Red 

4»  Yellow 


Learning  Objective:  Describe 
t^m  operating  procedures  for, 
jKhe  F-250  fire  puaip.  Text- 
^    book  pages  474  and  475.  • 

,A 

15*26.    While  operating  a  F'-2$0  pioip,  ypu  notice 
that;  an  uneven  atresia  is  cooing  out  of 
the  noassle.    What  would  you  expect  to  be 
the  most  likely  caus^  of  this  condition? 


I. 


15-23. 


Carry  out  a  chloride  test  and  jiivide 
the  result  by  two 

Carry^  out  a  phenolphthalein  test  and 

multiply  the  result  by  two 

Use  the  Taylor  comparator,  conduct 

separate  pH  and  phosphate  tests »  and 

average  the  results 

Let  the  sample  settle;  then  retest 


Assume  that  you  have  added  to  a  sample 
of  water  an  amount  of  soap  equal  to  the 
lather  factor.    How  long  should  the 
|lather  cover  the  surface  of  Che  sample 
to  indicate  sero  hardness? 


1. 

2. 

3. 
4, 


1.  least  2  Mnutes 

2.  At  least  5  minutes 

3.  At  laast  15  minutes 

4.  At  least  25  minutes 


Air  leakage  into  the  suction  side  of 
the  pu^  . 

Insufficient  outlet  pressure 
Insufficient  power  from  the  motor 
Excessive  pump  speed 

15-2 7. To  start  a  P-250  puap,  the  neict_step 
*  after  connecting  the  fuel  hose  to  the 
plug  on  the  control  panel  from  the  fuel" 
tank  is  to 

1«     pull  the  choke  knob  to  the  extended 
position 

2.  fill  the  gasoline  tank  with  1/2  pint 
'  SAE  30  engine  oil  to  each  gallon  of 

gasoline 

3.  fill  the  line  to  the  carburetor  by 
pressing  the,  push  button  on* the  tank 
several  times ^untll  you  feel  some 
resistance 

4\    turn  the  high  and  low  speed"  knobs  on 
the  control  panel  three-quarters  of 
a  turn  counterclockwise  from  the 
closed  position  » 


15-28,    Suppose  that 'after  starting  a  P-250 

p^t^p,  you  notica  that  watar  pressure  is 
SOT  building  up  on  the  gage.  '  What  ^ 
ahould  you  <Jo?  ; 

1.  Incritee  the  pusp  speed  py  adjusting 
th^Hbrottle  - 

2.  Decreaaa  the  pua^  speed  by  partially 
closing .the  throttle 

3.  After  me'pu»p  has  operated  for  not 
more  than  45  seconds,  stop  the 
ehg^e,  tighten  hose  connec^cms  ,and 
couplings,  and  priM  again 

4.  Allbw  the  pump  to  operate  for 
y        1  ai^ute,  then  stop  engine  and 

prime  again. 


15-29, 


15-30. 


15-31. 


15-32, 


13-33. 


Learning  Objective:  Identify 
principal  characteristics  of  the 
engine  lathe.    Textbook  pages 
477  thrpugh  481, 


When  a  workpiece  is  being  shaped  with  a 
cutting  tool  on  an  engine  lathe,  it  is 
held  and  rotated  about  a  horizontal 
axis. 

The  engine  lathe  in  a  machine  shop ycan 
be  used  for  which  of  the  following'^ jobs? 

1.  Turning" and  boding 

2.  Facing  and  screw ^cutting 

3.  ^  Drilling  and  grinding 

4.  All  of  the  above  ^-  ^ 

.In  ships,  which  have  only  one  lathe, 
what  is  usually  the  size  of  the  lathe? 


15-34.  (Xi  an  engine  lathe,  which  of  the  folio«w- 
ing  operations  is  usually  perform  with 
the  carriage  locked  in  position? 

1.  Turning  * 

2.  Facing 

3.  Boring 

4.  Drilling 

15-35.    Gears  in  the  apron  of  an  engine  lathe" 
are  driven  by  the 

1.  control  rod 

2.  lead  screw- 

3.  reverse  rod 

4.  feed  rod 

15-36.    When  an  engine  lathe  is  used  for  thread 
cutting,  the  ntiaiber  of  threads  per  inch 
is  detenained  by  the  relationship 
between  tl\e  speeds  of  the 

1.  drive  ]»otor  and  *p indie 

2.  spindle  and  feed  rod  ^ 

3.  lead  screw  and  feed' rod 
4p  lead  scray  and  spindle 

15-37.    h  latha  operator  is  able  to  feed  a 

cutting  tool  at  one  desired  angle  to 
the  lathe  axis  by  using  the  compound' 
rest. 


Learning  Objective:  Inscribe 
correct  shapes  and  applications 

,  of  the  principal  cuttii^g  tools. 

Textbook  pages  482  through  484. 


1.  14  in. 

2.  16  in. 

J,  J.8  in. 

4.  20.  in. 


On  a  lathe  ©quipped  with  a  6-posltion 
headstock  cone  pulley,  how  many  spindle 
speeds  caa.be  obtained? 


15-38.    Which  cutter  bit  is  sometiiaes  ground 
flat  on  top  so  it  may  be  fed  in  both 

/  directions? 

1.  Left-hand  turning  t5>ol 

,  2*  Right-hand  facing  tool 

3.  Square-nosed  parting  tool 

4.  Round-nose  turning  tool 

15-39.     Thtf  square-nosed  parting  tool  is  used  to 


1.  6 

2.  12 

3.  IS 

4.  24 


•1 


j  1.     face  on  the  leff-hand  side  joilfca the 
work  '  ! 

machine  necks,  grooves,  an^  comers 
take  light  roughing  cuts  and 
finishing ocuts 

hold  small  work  for  tnachining  in  the 
lathe 


Vfhen  an  engine  lathe-  is  used  for  milling, 
the  workpiece  is  usually  mounted  on  the 
■    •  *  *' 

1.  headstock  and  tailstock  centers 

2.  tailstock  spindle 

3.  carriage    .  ^ 

4.  face  plate 


2. 
3, 


O  * 
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Which  lathe  tool  i«  uauaily  gtoimd  in^ 
the  shape  of  a  If f.t-haad  turning  tool? 

1«  Threading* tool 

2«  Round-nos#d  turning  t(H>l 

3*  Cut-off  tool 

4.  Boring  tool 


Laaralng  Objective:  S*cogni2«" 
lathe  chucka  In  terms  of  thair 
capabilities  and  applications • 
Textbook  pages  484  through  487,. 


*.15-41.    What'^ype  of  lath^  chuck  saay  be  used  to 
hold  workpiecea  that  have  irregular 
cross  "sections? 

1.  Scroll  chuck 

2.  4'-jaw  chuck 

3.  Standard  collet  cHuck  ^ 
4-  Hexagonal  collet  chuck 

15-42*  What  t3npe  of  lathe  chuck  cafe  be  used  to 
center,  automatically, • round  workpieces 
of  many  sizes? 

1-  Scroll  chuck 

•    2-  4- jaw  chuck 

3.  Standard  collet  chuck 

4.  Hexagonal  collet  chuck 


Learning  Objective:  Describe 
basic  lathe  operating  procedures. 
Textbook  pages  48 7 'through  503- 


15-45.    Whmi  l*rg«  cbaagaa  are  mads  by  shifting 
the  gears  in  th«  main  gear  train,  J^^e  - 
lathe  Mat  be  stopped*     /  --y^ 

15^46.    What  is  the  f  iret^  requiriaient  of  a  lathe 
operator  wi^tb  respect  t^c  maintenance  of 
thm  engine  lathe? 

1.  Lubricat£6g  properly  the  heeds tock 
oaly  .  .  ^.  f 

2.  lAjbricating  properly  all  Mving 
parts  -  >  , 

.  3."  Keeping  the  ways  clean  and  dry 
4«    Keeping  the  lead  screw  clean  and  dry 

15-47-    Which  of  the  'follon^lng  steps  »ust'be 

takeif  before  the  lojigitudiaal  feed  of  ^ 
a  lathe  is  engaged? 

.1.    Disengage  the  spindle  clutch  ' 

2.  ttoosen  the  stop  screv 

3.  Loosen  the  carriage  claap  screv  i 
,     4/  Set  the  thread  dial  indicator  to      -  I 

t       ^  zero      ,    •  \  - 


15-48. 


15-49, 


15-:43. 


75-44. 


When  a  second  cut  is  made  on  a  threaded' 
workpiece.  what  does  the  thread  dial 
Indicator  tell  the  operator? 

!•     Where  to  start  the  second  cut 

2.  When  to  engage  the  lead  s(jrew 

3.  When  the  correct  depth  of  cut  hajs 
been  reached  ! 

4.  When  the  lead  S4:rev  is  rotating  ;at 
/"the  proper  speed 

A  carriage  stop  may  be  used  on  an  engine 
lathe  Jo  eliminate  the  need  for  which  of 
the  following  actions? 

1,  Individual  measurements  on  duplicate 
parts  ; 

2.  Manually  shutting  off  the  automatic 
feed 

3,  '  Setup  measurements  made  directly  on 
•    the  workplace      '  ^ 

4.  Variable  rates  of  "feed  across  a 
workpiece 


The  tiiaii  required  to  perform  a  rough 
turning  <!>perAtion  can  often  be  shortened 
by  reducing  the 

1.    cutting  speed  and  increasing  the 

feed  « 
2*    depth  of  cut 

3«     longitudinal  feed  and  increasing 

cutting  speed 
4,     lubricant  flow 

Which  lubricant  is  most  likely  to  be 
used  for  gjeneral  laachine  work  on  l)ras8 
or  n«3nel  rods?  ^ 

1.  Soda  water  . 

2.  Turpentine     ,  * 

3.  Dry  or  soluble  oil 

4.  White  lead 


IS'-SO-     Normally*  what  is  the  direction  of  feed 
o-f  a  facing  cutter?- 

1.  Toward  the  apron 

2.  Toward  the  tailstoi^k 

3.  foward  the  lathe  center 

4.  Away  from  the  latihe  j^enter 

15-51.     Burrs  in  the .  tailatOi^k  ^^indle  of  j 
lathe  should  be  remoyed  Jwith#lK 

1.  grinder 

2.  tail  center  coated  Irith  lapping 
compound 

3.  60'  taper  reamer 

4 .  Morse  taper  reamer 
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ilh52. 


15-53. 


15-54. 


15-55, 


15-56. 


15-57. 


15-59. 


Lathe  center*  ia*y  be  positively  aligned  15-^58. 
without  jnaking  a  test  cut  by  using  a 

1, ^    test  baf  and  indicator 

2,  CBjater  gage 

3,  Morse  taper  gage 
4;    steel  rule  between  the 'centers 

Which  of  tlie  following  problems  conaaonly 
results  froffl  excess^ivc  tool  overhang? 

1.  Excessive  deptK  of  cut 

2.  Erratic  "ferW  ; 

3,  To61  chatter 

4,  Reduced  cutting  speed 

When  taounted  work  r^sts  finaly  between  ^ 
lathe  centers,  the  tail  of  the  driving 
dog  Is  located  ^ 

1.  beyond  the  center  of  the  tailstock 

2.  even  with  the  base  of  the  tailstock 

3.  rests  on  the  base  of  the  faceplate 
slot  ' 

4.  beyond  thl^base  Of  the  faceplate 
slot 

The  centering  of^ough  work  in  a  4-jaw 
independent;  chuc™ho||ld  be  checked  by 

1,     taking  a  ligh^^est  cut 
'z.     holding  a  piece%5f  chalk  against  the 
rotating  work 

3.  bringing,  the  tail  center  againist  the 
face  of  the  vJ^k 

4.  (;;7>loc^tliig,the  axis  of  the^ylindrical 

portion  with  a  combination  square 

Which  of  the  following  precautions 
sho\ild  you  take  when  chucking  a  thin-  , 
walled  cylinder  in  a  lathe? 

1,     Insert  paper  or  shiia,  stock  under  the 

/  chuck  jaws  ^ 
2*     Expand  the  chuck  jay^  against  the 
bore  of  the  work   /  ' 

3.  Use  only  enough  jiw  pressure  to 
prevent  shipping  *     ,  . 

4.  Adjust  the  jaws  individually  to 
'   ^    prevent  distortion 

What  lathe  accessory  ib  used  for  mounting 
odd-shapt>d  workpieccs  that  cannot  be 
.  turned  between  centers?  » 

I 

I  1,     Mandrel  '      .  ^  .  , 

•I  '  ^ 

I   2,     3- J aw  chuck 

'    3,     Collet  chuck 

4,     Faceplate        *  ^ 


The  c«iter  rest  is  usftd  for  supporting 
long  slender  work  held  betweto  tods  .to 
prfivent  i^ringiug  and  tool  chatter 

The  follower  rest  is  adjusted  to  the 
sia?e  of  the  finished  work  and  provides 
support  against  the  cutting  force  ms  it 
moves  with  the  carriage. 

When  work  is  held  in  a  collet  chuck  for 
precise  machining,  the  diasaeter  of  the 
work  should  not  exceed  the  collet 
diameter  by  more  than  < 


1. 

2. 
3. 

4. 


0.00001  in. 
0.0001  in-. 
O.dOl  in. 
0.002  in. 


Wlien  a  facing  cut  is  made  in  a  workpiece 
on  an  engine  lathe,  which  pf  the  follow- 
ing feeds  moves  the  tool? 

1.  Cross  feed  *  '  '  . 

2,  nongitudiha>  feed  '  * 

3.  Coiopound-rest  feed 

4,  Both  2  and  3  above 


15-^1.     A  depth  of "cut  of- 0.040  inch  reduces  the 
diameter  of  a  lathe  workpiece  by 

1.  0.020  in, 

2,  0.040  ii^.  ^  ^  ' 

3,  0.080  ^.n. 

4.  ^-^20  in 

15-63.     Shoislders  ara^umionly  located  with  a^ 
parting  tool  to  eliminate  the  need  for 

1.  using  a  pointed  turning  tool 

2.  facing  the  shoulder 

3.  cutting  a  fillet 

4.  measuring  during  the  roiigh  turning 

15-64.     Which  process'^  Ib  used  to  bring  a  hole 
to  finished  s±z^  when  high  accura^^  is 
required?  ^ 


1- 

Boring  T 

2. 

Coring 

3. 

t)riUing| 

4. 

Reaming  I 
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Wilich  of  the  tollowing  workpiece^  and 
tailstock  setups  produces  thV  steepetst  ; 
taper:  per  foot  ? 

> 

1.  *.     1/8-Inch  setup  with  a  6-lnch 

workpiece    ^  .  • 

2.  3/8"lnch  seti^p  with  an  8-lnch. 
workp  igcc 

3.  '     5/8-lnch  .sptnp  with  -atf  B-inch 

workpiece  * 

4.  yfa-inch  setup  with  at^^B^inch 
workpiece? 


v.- 


^5-^6^.  "  In  wUich  uwitiiod  for  ttira^ni  tap«x:^|  on  « 
Iftthc  doas  tbft  cutting  toc^l  Wva  ak^an 
-angle  to  th«  vork  an4  parail.el  to 
;  ,• .    latha  axia7. 

tba  co^KHmd  reat 
Usiiag  tha  t^r  attachsMmt 

3.  Efthe»4  or  2  above 

4,  Setting  over  the*  tallatock 


15-67. 


15-68. 


What  Mthod  ia  oon^lXy  uaad  ifo  cut 
large  angles  of  taper  on  ^hor t  work- 
pieces'?  ■•   ■  ■ 

I«    Taper^attacl^o^nt  fi^thod 
2, '  Coapouncirrest  method 
3*    Off aet-caater  method 
4..'  SJfflultanaoua-feed  method 

A 

What  in8ti:ument;  is  used  to  obtain 
accurate  angular ^settings  of  ths 
coaipound  rest?  * 

"■^^iSteel  rule  , 
'Micrometer 
3".    Vernier  bevel  protractor  '  , 

Centner  gage  .  ' 


^69.  a^aper  attae: 

lathe »  the  dap th  of 'cut  ia 
tl»  . - 


>rtth  a 
tail  vith 


1.    ah«^  clamp 
2^;  *■  croas-f acrew^  "   '  -  '^ 
.3^    cofi^buod^raat  |Md  Uf.wm 
4«    leogitudinal  ffad  scraar 


15-70.  IbM  hori^  of  *  blind  tapered  hole  la 
ysually  precede  by 


1- 
2. 

3) 


drilUng  to  thf  iault  dttmtmx  ot 
the  taper 

driilixi^  to  sli^tly  less  than  tb« 
s&«ll  dlAMter  of  tb«  taper 
driXUog  to  the.  large  dlasMter  of 
th^  tajpet      ^  -0 


J  . 


1^ 
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COURSE  DISEN«OI.SiJSN!r  -  ^ 

All  study  material*' saw fc  b«  yeturn«a.  On  diMTiroU^g, 
fill  out  only  the  us^r  part  of  thi»  pnqp  and  atta^ 
it  to  the  inaida  front  <^2£S<r  of  tha  tipxtbook  for  this 
COUCT8,  Mail  your  atudy  aatarials  to  the  Naval 
Educi^tion  and'  Training  Program  Davaiosawnt  C^n4»r. 


PRIHT  CLEAfiLY . 

^     -     _  •         /    '  '  ■               *    -  ^  -* 

NAVEDTilA  Nuiabar 
10541-C 

 --u.   1        T       »    '     _     1  I  ...      i"     ■   — ' 

 '   ■  TITLE 

.  \'      ^  NHCC  ENGINEMftN.3&2  * 

if                 '  ^ 

•>   •  ■  ■            .  ■    *          ■ .  ■ 

Name              '  Last  , 

'  First 

9  Middle      .  >^ 

RainJc/Kate  < 

* 

Designator... 

'  "     •   '     ■      ■  ■  ■ — 

 - 

"  Social  Security  Number  -  J 

*  • 

COURSE  "COMj^PI  ON  , 

Letters' Of  satisfactory  cjoinpletion  are,  issued  only  fp       -    _  ^ 
personnel  viOiose -eo«rses/ari,  admihist^r6d  by         Nav«l  • 
Education  and  Training  ,Pro|rain  Development  Canter.  On,  , 
completing  the  course,  fill  out  the  lower  part  of  ^th-is        .    . .  .  ^ 
paqe  and  enclose  it  With  your  liist,  se^  of  self-scored  ;  , 
answer  sheStt^ .  Be  sure  mailing  addresses  are  complete.  . 
M^l  to  th,«  «aval  Education  and  Trailing  Protjrapi 

Development  Center.         /  '  -;  .    •  C  "    '  ^ 
 ^ — '•  '  '   '             ^'    -               '  .          '  NRCCgNGI.iqEWAN  ^jP 


NAVEDTRR  Xt)541-C 


•  1 

w  ^ 

m 

NAME 

» 

\ 

ZIP  CODE 

'MY  SEHVJCE  RECORD  IS  HELD  BY: 


Activity 


pass 


ZIP  CODE 


Signature  of  enroliee 


PDD  Fortn  111 
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A  FINAL  QUESTIt}N:    What  did  you 'think  of  this  course?  Of  the  text  material  used 
with  the  cxsurse?  Ccmnents  and  recowm^dations  received  froni  enrollees  have  been 
a  majori'  source  of  course  improveitient  •  Vou  and' your  command  are  ur*ged.to  submit  you; 
'con's tr\ictive  criticisms  and  your  recommendations.  This  tear-out  form  lette'is^s  1^ 
providea  for  your  coavenience.  I^ypewx^te  if  possible,  ^but  legible  handwriting  is 
acceptable.'  *  ^  •  . 

■  I'         ■  • 


-  1 


Date 


From: 


I 

 -4  ' 

-5:  IP  CODE 
V 


To:        Naval  Education  and  Training  Prqgxam  Development  Center  (PD4) 
Building    2435  '     -  '  -  •  . 

Pfensacola,  I^lorida  3^509 

,     S\j£jt     mCC  ENGlt^EMAN  3&2,   NAVE!DTRPi  10541-C 

1,     ^    The  following  comments  are  hei^by  -submitted: 
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